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Weather Data 1991 
Panhandle Research and Extension Center 
Scottsbluff, NE, Weather Data 1991 
Precipitation 1 Avg Air TemP1 GOD GOD 
Month Period 1991 Normal 1991 Normal 1991 Normal3 
January 1-31 0.33 0.48 22.7 24.2 
February 1-28 0.35 0.40 37.3 30.1 
March 1-31 0.42 0.98 38.9 42.2 
April 1-30 1.38 2.14 43.6 45.8 
May 1-10 0.39 51.7 87 
11-20 2.40 62.7 138 
20-30 2.25 62.0 134 
Total 5.04 2.66 58.8 61.2 359 232 
June 1-10 1.73 64.8 149 
11-20 0.20 70.3 195 
20-30 1.02 71.3 206 
Total 2.95 2.93 68.8 69.0 550 493 
July 1-10 1.18 72.1 202 
11-20 0.04 76.5 228 
20-30 0.16 72.3 229 
Total 1.38 2.06 73.6 74.0 659 692 
August 1-10 0.00 72.7 213 
11-20 0.90 71.3 202 
20-30 0.00 76.6 243 
Total 0.90 0.97 73.5 71.6 658 605 
September 1-30 0.99 1.26 61.4 61.0 455 321 
October 1-31 0.75 0.75 47.6 51.3 
November 1-30 0.31 0.23 32.7 36.3 
December 1-31 0.00 0.27 32.2 26.8 
Year 14.80 15.13 49.3 49.5 2681 2 20222 
140 year average 1951-1991 
2Sased on May 1 through September 30 
330 year average (500 F base) 
NOTES: 1. Highest temperature on July 7 -- 1020 F 
2. Highest 24 hour precipitation on May 5-- 1.97" 
3. Last spring frost -- May 5 
5. First fall frost -- October 5 
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Weather Data 1991 
Hi~h Plains Agricultural Laboratory 
idney, NE, Weather Data 1991 
Precipitation 1 Avg Air TemP1 GOD GOD 
Month Period 1991 Normal 1991 Normal 1991 Normal3 
January 1-31 0.21 0.31 33.7 25.0 
February 1-28 0.38 0.41 48.3 30.3 
March 1-31 1.13 0.91 50.7 37.5 
April 1-30 0.16 2.36 57.8 45.8 
May 1-10 0.00 51.0 86 
11-20 1.47 61.9 135 
20-30 1.37 60.6 124 
Total 3.84 3.03 57.8 56.0 345 224 
June 1-10 2.37 63.7 134 
11-20 1.53 70.1 195 
20-30 0.26 70.9 201 
Total 4.16 3.08 68.0 68.6 530 489 
July 1-10 0.12 72.0 202 
11-20 0.05 75.4 225 
20-30 1.57 71.2 213 
Total 1.74 2.68 72.9 72.7 640 652 
August 1-10 0.12 70.7 195 
11-20 0.39 69.6 189 
20-30 0.00 75.8 242 
Total 0.51 1.82 72.0 71.0 626 604 
September 1-30 0.74 1.12 77.2 61.0 444 320 
October 1-31 0.34 0.84 63.6 49.8 
November 1-30 0.95 0.41 40.5 37.1 
December 1-31 0.00 0.39 42.3 26.7 
, 
25852 22892 Year 14.16 17.36 57.07 48.46 
140 year average 1951-1991 
2Based May 1 through September 30 (500 F base) 
330 year average (500 F base) 
NOTE: 1. Highest temperature on July 6 -- 100.44 
2. Highest 24 hour precipitation on July 22 -- 1.14" 
3. Last spring frost -- May 5 
4. First fall frost -- October 5 
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Weather Data 1991 
West Central Research and Extenison Center 
North Platte, NE Weather Data, 1991 
Precipitation 1 Avg Air Temp. 1 GGD 
Month Period 1991 Normal 1991 Normal 1991 Normal 
January 1-31 0.17 0.36 22.7 22.9 
February 1-28 0.31 0.51 36.7 27.5 
March 1-31 1.25 0.97 40.3 35.6 
April 1-30 2.75 2.14 47.1 48.0 
May 1-10 1.71 50.6 86 
11-20 1.20 64.0 132 
21-31 2.30 55.1 186 
Total 5.21 3.32 60.4 58.0 404 354 
June 1-10 1.50 67.2 164 
11-20 1.72 70.8 209 
20-30 0.92 74.1 230 
Total 4.14 3.41 70.7 68.3 603 576 
July 1-10 0.25 72.9 208 
11-20 0.00 76.8 248 
21-31 1.04 78.5 222 
Total 1.29 2.68 73.6 75.0 678 751 
August 1-10 0.13 72.3 200 
11-20 0.00 70.3 195 
21-31 0.36 86.8 255 
Total 0.49 2.13 74.0 73.0 650 668 
September 1-30 1.86 1.67 63.1 63.2 467 444 
October 1-31 2.04 1.07 48.7 51.2 
November 1-30 0.84 0.57 31.0 36.2 
December 1-31 1.06 0.49 32.9 26.9 
Year 21.41 19.32 50.2 48.8 
Growing May-
Season Sept 12.99 13.21 68.4 67.5 2802* 2793 
*50° to 85°F base May 1 to first fall fros~ 9/19 
1) Highest temperature on July 5 -- 102 F 
2) Highest 24-hour precipitation on June 18 -- 1.23" 
3) Highest 2-day precipitation on June 17-18 -- 1.47" 
4) Last spring frost -- May 6 
5) First fall frost -- Sept 19 
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Weather Data 1991 
Northeast Research and Extension Center 
Concord, NE 68728 Weather Data - 1991 
Growing 
Month Period 
Precipitation 1 Avg. Air TemP1 Degree Days1 
1991 Normal 1991 Normal 1991 Normal 
-----i nches-----
_______ oF ______ 
January 1-31 0 0.48 15.7 18.2 0 
February 1-29 0.47 0.52 33.6 21.5 0 
March 1-31 2.28 1.99 38.5 34.6 18.6 
April 1-30 3.53 2.67 50.9 48.2 106.8 24 
May 1-10 1.42 50.4 40.0 
11-20 1.27 64.4 144.3 
21-31 1.76 70.9 229.5 
Total 4.45 3.90 62.2 59.5 413.8 293 
June 1-10 1.16 68.5 184.7 
11-20 6.98 73.5 234.5 
20-30 2.23 74.2 247.3 
Total 10.37 3.79 72.2 69.5 666.5 604 
July 1-10 0.43 71.7 217.3 
11-20 0.27 n.4 274.5 
21-31 0.23 71.2 233.6 
Total 0.93 2.18 73.4 74.3 725.4 754 
August 1-10 0.73 69.6 196.3 
10-20 0.08 70.9 189.7 
21-31 0.15 78.3 283.1 
Total 0.96 2.55 73.1 71.2 669.1 623 
September 1-30 1.64 2.29 63.3 62.1 392.9 363 
October 1-31 1.09 1.79 47.5 48.9 136.8 14 
November 1-~ 0.21 1.49 27.3 34.6 0 0 
December 1-31 1.38 0.71 28.5 20.9 0 0 
Year Jan-Dec 27.98 24.36 48.9 3200.1 2675 
Season 
Growing May-Sept 18.35 14.71 68.9 2937.9 2637 
* 50 Base from Average of Hi & Low Temps 
1} Highest temperature July 17 and August 25, 97.6oF 
2) Highest 24-hr precip June 13, 5.~2 inches 
3) Last Spring Frost, April 23 - 30.9 F 
4) First Fall Frost, Sept. 18 - 31.7oF 
5) 1991 data from Automated Weather Station 
19 yr average (normals) from NOAA data 
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Weather Data 1991 
1991 Mead Weather Data 
Total Average Total; 
Precipitation,in. t Temperature of t GOD 
Normalt Month Period Actual Normal 1990 Normal 1990 
Jan 1-31 0.01 0.75 15.27 20 0 0 
Feb 1-28 0.70 0.95 34.88 27 42.6 0 
Mar 1-31 3.11 2.00 41.96 36 152.4 11 
Apr 1-30 2.44 2.82 53.74 51 257 200 
May 1-10 1.03 55.69 99 
11-20 1.14 68.73 182 
21-31 0.71 75.14 267 
Total 2.88 4.06 66.80 62 548 401 
June 1-10 5.09 71.71 216 
11-20 2.69 75.17 233 
21-30 1.09 78.29 254 
Total 8.87 4.25 75.06 72 703 656 
July 1-10 2.56 75.51 234 
11-20 0.15 n.45 249 
21-31 0.14 73.83 246 
Total 2.85 3.22 75.54 n 729 793 
Aug 1-10 0.91 71.76 208 
11-20 0.43 71.17 205 
21-31 0.04 78.13 270 
Total 1.38 4.02 73.83 74 683 747 
Sept 1-10 0.63 73.99 227 
11-20 2.09 65.08 168 
21-30 0 57.98 125 
Total 2.72 3.16 65.68 65 520 462 
Oct 1-31 0.55 1.98 51.24 54 276 258 
Nov 1-30 0.87 1.07 29.76 39 23 26 
Dec 1-31 1.46 0.75 32.15 27 11 0 
Year (Jan-Dec) 28.84 29.03 51.41 50 3945 3554 
May-Sept 18.70 18.71 71.39 70 3183 3059 
1 30-year normal. 
GOD, 50°F base. 
1. Highest temperatue on July 21 - 98.24F. 
2. Last spring frost on April 24. 
3. First fall frost on September 19. 
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Weather Data 1991 
South Central Research and Extension Center 
Clay Center 1991 Weather Data 
Precipitation Avg. Air Temp. GDD 
Month Period 1991 Normal 1991 Normal 1991 Normal 
Jan 1-31 0.42 0.65 19.98 22.85 4.60 0.00 
Feb 1-28 0.06 0.89 38.01 29.32 83.73 0.00 
Mar 1-31 1.74 1.76 41.41 37.83 150.67 21.74 
Apr 1-30 3.71 2.71 52.85 51.60 231.07 216.98 
May 1-10 1.50 1.22 54.65 58.86 96.56 107.73 
11-20 1.75 1.30 67.14 62.24 169.72 125.51 
21-31 3.15 1.43 71.64 65.70 234.42 172.74 
Total 6.40 3.95 64.71 62.38 500.70 405.98 
Jun 1-10 2.05 1.40 71.52 69.42 215.02 194.22 
11-20 0.08 1.40 74.98 72.47 227.78 224.62 
21-30 1.18 1.33 79.07 74.55 248.16 239.37 
Total 3.31 4.13 75.19 72.15 690.96 658.21 
Jul 1-10 0.12 1.10 75.30 76.40 229.22 248.08 
11-20 0.00 1.07 79.35 77.55 249.64 253.59 
21-31 0.04 1.10 74.75 77.38 247.41 278.04 
Total 0.16 3.27 76.41 77.12 726.27 779.71 
Aug 1-10 0.93 1.10 73.15 76.84 209.72 250.49 
11-20 0.79 1.10 69.85 75.68 193.86 244.66 
21-31 0.04 1.21 78.47 72.97 267.75 250.70 
Total 1.76 3.41 73.97 75.09 671.33 745.85 
Sep 1-30 0.52 3.03 65.62 65.85 526.35 480.87 
Oct 1-31 0.28 1.67 51.19 54.75 293.71 280.81 
Nov 1-30 0.52 0.92 31.34 39.45 36.20 37.08 
Dec 1-31 1.53 0.66 33.52 28.66 14.89 0.00 
.. 
Growing May-
Season Sep 12.15 17.79 71.18 70.52 *3115.61 3070.62 
* 50 to 86 F base, May 1 until first frost (defined as 32 F or less) 
1) Highest temperature on July 21 -- 104.61 
2) Highest 24-hour precipitation on June 1 -- 2.05" 
3) Last spring frost -- May 6 
4) First fall frost -- September 19 
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Flow of Water and Particles in Soils and Porous Media 
D. Swartzendruber 
Objective: 
The general objective of this report is to 
analyze and quantify the processes by 
which water flows into and through porous 
media and soils under both saturated and 
unsaturated conditions. Swelling and non-
swelling soils are considered. 
Procedure: 
As far as reasonably possible, each flow 
process is approached as a mathematical 
boundary-value problem to be solved by 
classical mathematical means or by com-
puter if necessary. Experiments are con-
ducted in the laboratory with vertical flow 
columns on which measurements of water 
content and soil bulk density are obtained 
by the attenuation of dual-energy gamma 
radiation. Other flow measurements are 
taken as needed. 
Results and Discussion: 
This project has only been in place since 
1 June 1991. Initial experimental effort on 
water entry into swelling field soil, taken 
from the B horizon of a soil considered to be 
highly swelling (Wymore silty clay loam), 
has confirmed that swelling does occur 
when the air-dry soil is wetted with water. 
More detailed miElSurements will now fol-
low. 
Several theoretical solutions for down-
ward water infiltration into soil are being 
compared. One is a very efficient and ac-
curate computer solution, another is the 
classic Philip solution, while a third is a 
recent quasi solution. For a so-called Yolo 
soil, results have been obtained for the ap-
propriate diffusivity function 0 = DO and 
hydraulic conductivity function K = KO, 
where is the volumetric water content. 
When completed, the comparisons should 
set definitive limits for the accuracy of the 
quasi solution, and thus to justify its Simpler 
9 
form when used to describe infiltration in 
practical terms. 
For water absorption by a semi-rigid soil, 
several forms of a key characterizing func-
tion Q(t), where t is the time, have been 
considered and evaluated. These func-
tions, and improved means of fitting them, 
have enabled great improvement in theoret-
ical description of experimental data, espe-
cially when compared with classical 
solutions wherein Q(t) was simply taken as 
t itself. 
___ :rm'iUi,1iliill,U'U'jM,f:lil1_ 
Soil Respiration in Ridge Till 
M.A. Liebig, A.J. Jones, J.W. Doran, and L.N. Mielke 
Objectives 
To evaluate the effects of ridge tillage 
with controlled wheel traffic on soil respira-
tion in continuous com and continuous soy-
bean rotations and interrelationships 
between soil physical and chemical proper-
ties and soil respiration. 
Procedure 
Soils evaluated in this study were col-
lected from the USDA-ARS tillage/crop 
study at the University of Nebraska-Uncoln 
Rogers' Memorial Farm located approxi-
mately 19 km east of Uncoln, NE. The soil 
at the site is a nearly level Sharpsburg silty 
clay loam. 
All soil sampling occurred on 27 June 
1991. Samples for soil respiration were col-
lected from the center of the row, trafficked 
interrow and nontrafficked interrow of con-
tinuous corn and continuous soybean rota-
tions in the first three replications of the 
ridge till plots. Within each position, sam-
ples were collected at depths of 0-7.5, 7.5-
15.0 and 1S.0-30.0-cm. Samples for 
physical and chemical properties were col-
lected using the same sampling scheme. 
Soil respiration was determined by gas 
~hromatography. Each sample was split 
Into three subsan1'ples and equilibrated at a 
preset water-filled porosity. Measurements 
for evolved C02 were made over a 2S-day 
incubation period. 
Effects of rotation, pOSition, depth and 
~reset water-filled porosity on soil respira-
tion were evaluated by analysis of variance. 
Comparisons among main effects were 
made using Least - Square Means at p 
S 0.05. Correlations between soil physical 
and chemical properties and soil respiration 
w~re obtained using linear regression anal-
YSIS. 
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Results and Discussion 
All main effects excluding rotation signif-
icantly influenced soil respiration (Table 1). 
Significant interactive effects with position, 
depth and preset water-filled porosity were 
also observed. 
Trends among positions and depths 
were similar at different preset water-filled 
porosities (Table 2). Soil respiration was 
greater in the row than the interrow posi-
tions. This was particularly evident at the 
soil surface where most microbial activity 
was observed and carbon and nitrogen con-
tents were higher. Soil respiration was con-
Sistently lower in the trafficked interrow than 
the nontrafficked interrow. Wheel traffic 
may have indirectly decreased soil respira-
tion by restricting the growth of roots into the 
trafficked interrow. This would result in a 
smaller nutrient pool for microbial growth as 
compared to the nontrafficked interrow and 
row. Soil respiration decreased with in-
creasing depth. A substantial decrease in 
respiration in each position was observed 
below the 7.5-cm depth. 
Normally, soil respiration declines above 
water-filled porosities of 60-70%. Soil res-
piration in this study, however, increased up 
to a water-filled porosity of 90% (Table 2). 
The Sharpsburg SiCL had a high swelling 
capacity. As a result, post-incubation 
water-filled porosities averaged 47, 60 and 
73% for the 60, 75 and 90% preset water-
filled porosities. This allowed the soil envi-
ronment in the samples to remain largely 
aerobic, explaining the increase in soil res-
piration with increasing preset water-filled 
porosity. Only the 0-7.S-cm of the row did 
not follow this trend. Instead, maximum 
respiration was achieved at 75% preset 
water-filled porosity. The soil at this position 
and depth had a low swelli ng capacity and 
was able to maintain its water status 
throughout the incubation. 
Soil Res iration in Rid e Till 
Correlation coefficients with associated 
F-Values for independent linear regressions 
between various soil properties and soil res-
piration are given in Table 3. Bulk density 
was most highly correlated with soil respira-
tion, followed by geometric mean diameter 
(GMD) and the proportion of aggregates 
< 0.5-mm, respectively. The proportion of 
aggregates> 1.0-mm were negatively cor-
related with soil respiration, whereas aggre-
gates < 1.0-mm were positively correlated. 
Geometric mean diameter resulted in a 
higher correlation with soil respiration than 
aggregate mean weight diameter. Organic 
carbon and total nitrogen were both posi-
tively correlated with soil respiration. 
Highercorrelations were observed with total 
nitrogen. 
Table 1. Summary of F-test significance levels for analysis of variance, showing main 
and interactive effects of rotation, position, depth and preset water-filled porosity on soil 
respiration. 
Source of Variation Soil Respiration 
Rotation NS 
Position ** 
Pos*Rot NS 
Depth ** 
Depth*Rot NS 
Depth*Pos ** 
Depth*Rot*Pos NS 
WFPS ** 
WFPS*Rot NS 
WPFS*Pos ** 
WFPS*Depth ** 
WFPS*Rot*Pos NS 
WFPS*Rot*Depth NS 
WFPS*Pos*Depth ** 
WFPS*Rot*Pos*Depth NS 
** * Significant at p ~ 0.01 and 0.05, respectively. , 
NS Not Significant at p ~ 0.05. 
12 
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Table 2. Mean comparisons of soil respiration at three preset water-filled porosities 
among positions and depths averaged over rotations. Values represent a daily average 
for a 25-day incubation. 
EQsilign 
Row Trafficked Nontrafficked Mean 
Depth (cm) Interrow Interrow 
60% Preset Water-filled Pore Space (mg C02-C L-1 Soil) 
0-7.5 13.5 4.62 5.66 7.93a 
7.5-15.0 3.59 2.48 2.64 2.90b 
15.0-30.0 3.01 1.78 2.04 2.28b 
Mean 6.70x 2.96y 3.45y 
75% Preset Water-filled Pore Space (mg C02 L-1 soil) 
0-7.5 19.0 6.34 7.50 11.0a 
7.5-15.0 5.03 3.34 3.10 3.82b 
15.0-30.0 3.96 2.23 2.75 2.98b 
Mean 9.34x 3.97y 4.45y 
90% Preset Water-filled Pore Space (mg C02-C L-1 Soil) 
0-7.5 16.8 7.94 8.13 10.9a 
7.5-15.0 5.79 4.03 4.12 4.65b 
15.0-30.0 5.30 2.68 3.42 3.80b 
Mean 9.28x 4.88y 5.23y 
Values followed by the same letter within a column (a,b,c) or row (x,y,z) are not signifi-
cantly different at p s 0.05. 
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Soil Res iratian in Rid e Till 
Table 3. Correlation coefficients and F-Values from linear regressions between soil 
properties and microbial respiration at three preset water-filled porosities. 
~r~s~l Wal~r-fill~d PQr~ SQa~~ (OfQ) §O 7~ 90 
Property r F-Value r F-Value r F-Value 
Bulk Density -0.862 150. ** -0.845 130. ** -0.812 101. ** 
Soil Strength -0.095 0.473 -0.058 0.177 -0.037 0.071 
MWD -0.604 29.8** -0.633 34.8** -0.587 27.4** 
GMD -0.649 37.9** -0.681 45.1 ** -0.647 37.3** 
Aggregates ( ~ 2.0-mm) -0.553 22.9** -0.581 26.4** -0.529 20.2** 
Aggregates (1.0-2.0-mm) -0.346 7.06* -0.364 7.96** -0.416 10.9** 
Aggregates (0.5-1.0-mm) 0.621 32.7** 0.660 40.1 ** 0.597 28.8** 
Aggregates ( ~ 0.5-mm) 0.691 47.5** 0.722 56.7** 0.712 53.5** 
Sand 0.455 13.6** 0.473 15.0** 0.502 17.5** 
Silt -0.149 1.18 -0.151 1.21 -0.125 0.827 
Clay -0.118 0.737 -0.128 0.861 -0.169 1.53 
Ksat 0.296 4.98* 0.274 4.21* 0.267 4.00 
Field Capacity -0.574 25.5** -0.586 27.2** -0.566 24.5** 
Wilting Point -0.599 29.2** -0.601 29.3** -0.574 25.6** 
Organic Carbon 0.561 23.9** 0.534 20.7** 0.574 25.6** 
Total Nitrogen 0.608 30.5** 0.581 26.6** 0.624 33.2** 
**, * Significant at p ~ 0.01 and 0.05, respectively. 
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Wheel Traffic Effects on Soil Properties in Ridge Till 
M.A. Liebig, A.J. Jones, L.N. Mielke, and J.W. Doran 
Objective and wilting point were generally lowest in 
the row and highest in the interrow positions 
(Table 2). Sand, satiated hydraulic conduc-
tivity (Ksat) , organic carbon and total nitro-
gen ,followed an opposite trend. Bulk 
density, MWD, and water content at field 
~pacity and wilting point increased with 
increasing depth, whereas soil strength, 
sand, Ksat, organic carbon and total nitro-
gen tended to decrease (Table 2). Only 
bulk density and MWD were significantly 
influenced by rotation (Table 1). 
To evaluate the effects of ridge tillage 
with controlled wheel traffic on soil proper-
ties in con~inuous corn and continuous soy-
bean rotations. 
Procedure 
Soils used in this research were col-
lected from the USDA-ARS tillage/crop 
study at the University of Nebraska-Uncoln 
Rogers' memorial Farm located approxi-
mately 19 km east of Uncoln, NE. The soil 
at the site is a nearly level Sharpsburg silty 
clay loam. 
All soil sampling occurred on 27 June 
1991. Samples were collected from the 
center of the row, trafficked interrow and 
nontrafficked interrow of continuous corn 
and continuous soybean rotations in the first 
three replications of the ridge till plots. Sam-
ples were collected at depths of 0-7.5, 7.5-
15:0 and 1 ~.0-30.0-cm from each position. 
ThiS samphng scheme resulted in the inves-
tigation of 54 sampling units. Three inde-
pendent soil samples were collected from 
each sampling unit. These samples were 
used t<? eva~uate bulk de~sity, particle-size 
analysIs, sOI.1 strength, sOil-water relations, 
ag~regate-slze analysis and chemical prop-
erties. 
Rotation, position and depth effects for 
a~1 soil pr~perties were evaluated by analy-
SIS of vanance. Comparisons among main 
effects were made using Least-Square 
Means at p ~ 0.05. 
Results and Discussion 
Posi~ion ~ignificantly influenced all soil 
properties Investigated except for soil 
stre~gth, silt, clay and water content at sat-
uratIOn (Table 1). Bulk density, soil 
strength, aggregate mean weight diameter 
(MWD), and water content at field capacity 
Bulk Density and Soil Strength 
Averaged over rotations and depths, 
wheel traffic increased bulk density in the 
trafficked interrow by 4 and 11 % as com-
pared to the nontrafficked interrow and row 
respectively (Table 2). Trends for soii 
strength were similar but differences be-
tween the trafficked interrow and the non-
trafficked interrow and row were more 
pronounced (75 and 141 %). Differences in 
~ulk density and s~i1 strength among posi-
t!ons were largely Influenced by soil condi-
tions at 0.7.5-cm. At that depth, differences 
between the trafficked interrow and the non-
trafficked interrow and row were 8 and 25% 
for bulk density and 89 and 350% for soil 
strength, respectively. Below 7.5-cm, dif-
ferences in bulk density and soil strength 
among positions diminished. At the 15.0-
30.0-cm depth, the trafficked interrow and 
nontrafficked interrow had nearly equivalent 
values for bulk density and soil strength. 
Aggregate Mean Weight Diameter and 
Texture 
Trends observed for MWD were similar 
~o those found for bulk density (Table 2). It 
IS apparent that smaller aggregates in the 
trafficked interrow were consolidated into 
larger aggregates by the compressive 
f!Jrces of wheel traffic. Mechanical disrup-
~Ion of agg.regates during planting and ridg-
Ing operations may be largely responsible 
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for the low MWD in the ~-7.5-cm o~th~~VO 
A sin much of the dIfference In s~onQ positions was confined to the 0-7.5-
em soli depth. 
Sand content w.as gr~atest in the row 
followed by the traffIcked '"terrow and non-
trafficked interrow (Table 2) .. The most sand 
and least silt was observed m the 0-7.5-cm 
of the row. This may reflect a potential loss 
of finer particles from the ridge by wind or 
water erosion. 
Soil Water Properties 
Trends observed for Ksat were inverse 
to that found for soil strength (Table 2). 
Averaged over rotations and depths, Ksat 
was approximately five times lower in the 
trafficked interrow as compared to the non-
trafficked interrow and row. Extremely low 
conductivity values in the top 15.0-cm of the 
trafficked mterrow substantiate the exis-
tence of compaction caused by wheel traffic 
to this depth. The highest value for Ksat was 
observed in the 0-7.5-cm of the row. This 
high conductivity values was a result of the 
loose soil condition created by ridging. 
Trends forfield capacity and wilting point 
were similar to bulk density. Differences in 
water retention characteristics among posi-
tions reflect management-induced changes 
in pore-size distribution. Compaction 
caused by wheel traffic decreased the pro-
portion of larger pores in the trafficked inter-
row. As a result, this soil zone retained 
more water at field capacity and wilting point 
as compared to the nontrafficked interrow 
and row. Water contents at field capacity 
and wilting point were lowest inthe 0-7.5-cm 
of the row. Here, ridging created a higher 
proportion of pores that would drain under 
the force of gravity. 
Organic Carbon and Total Nitrogen 
Carbon and nitrogen levels were great-
est in the row followed by the nontrafficked 
and trafficked interrow. Wheel traffic had an 
indirect effect on carbon and nitrogen levels 
by influencing crop root distribution. Given 
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that crop roots were most abundant in the 
row, carbon and nitrogen levels would be 
expected to be greatest in that position. 
More root biomass would accumulate in the 
nontrafficked interrow than the trafficked 
interrow given the more favorable soil phys-
ical conditions in the nontrafficked interrow 
for root growth. Thus, greater carbon and 
nitrogen levels would be expected in the 
nontrafficked interrow than trafficked inter-
row. 
The greatest carbon and nitrogen levels 
were observed in the 0-7.5-cm of the row. 
As mentioned above, the localization of root 
biomass is a likely explanation of this. Till-
age, however, could have had a secondary 
influence as well. Crop residue on the soil 
surface was moved from the interrow posi-
tions to the crop row during ridging. This 
residue displacement may have increased 
the carbon and nitrogen levels in the 0-7.5-
cm of the row. 
Wheel traffic clearly had a negative im-
pact on soil physical properties in the upper 
15.0-cm of the trafficked interrow. Because 
of this, wheel traffic should be restricted to 
the least number of interrows as possible. 
To facilitate the reduction of trafficked inter-
rows at the field scale, adjustment of axle 
widths on farm machinery may be neces-
sary. Additionally, the use of implements for 
planting, cultivating and harvesting that can 
process a greater number of rows (Le., 6 vs. 
8 or 12) will reduce the number of trafficked 
interrows. Ridge tillage primarily influenced 
soil properties at the soil surface. Ridging 
created a very loose, porous soil condition 
in the 0-7.5-cm of the row. 
_~Wt®liliillfl#lM4ti·',L_iJt·'·f:1i1l4il,i;iM·liii11_ 
Table 1. Summary of F-test significance levels for analysis of variance, showing main and 
interactive effects of rotation, position, and depth on soil physical and chemical properties. 
Source of Bulk Soli MWD Sand Slit Clay Kaat SAT FC WP OC TN 
Variation Densby Strength 
Rotation • NS • NS NS NS NS NS NS NS NS NS 
position •• NS • • NS NS • NS •• •• • • •• 
Pos·Rot NS NS NS NS NS NS NS NS NS NS NS NS 
Depth •• NS •• • • NS NS NS •• •• •• • • •• 
Depth· Rot NS NS • NS NS NS NS NS NS NS NS NS 
Depth·Pos •• NS •• NS NS NS NS •• • •• •• •• 
Depth·Pos·Rot NS NS NS NS NS NS NS NS NS NS NS NS 
•• • Significant at p S 0.01 and 0.05, respectively . 
• 
NS Not significant at p S 0.05. 
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Table 2. Mean comparisons of soil physical and chemical properties among positions 
and depths averaged over rotations. 
Position 
Trafficked Nontrafficked 
Depth (cm) Row Interrow Interrow Mean 
Bulk Density (Mg m-~ 
0-7.5 1.14 1.43 1.33 1.30a 
7.5-15.0 1.39 1.45 1.40 1.41b 
15.0-30.0 1.37 1.46 1.45 1.43b 
Mean 1.30x 1.45y 1.39z 
Soil Strength (kPa) 
0-7.5 7.75 34.9 18.5 20.4a 
7.5-15.0 12.1 29.6 12.4 18.1a 
15.0-30.0 12.5 13.4 13.8 13.2a 
Mean 10.8x 26.0y 14.9xy 
Aggregate Mean Weight Diameter (mm) 
0-7.5 2.36 2.89 2.64 2.63a 
7.5-15.0 2.97 3.14 3.04 3.05b 
15.0-30.0 3.00 3.08 2.96 3.01b 
Mean 2.78x 3.04y 2.88x 
Sand(%) 
0-7.5 13.5 11.9 9.3 11.6a 
7.5-15.0 12.1 10.1 10.3 10.8a 
15.0-30.0 10.7 8.5 7.1 8.8b 
Mean 12.1x 10.2y 8.9y 
Silt(%) 
0-7.5 54.5 55.9 59.4 56.6a 
7.5-15.0 56.8 56.9 59.4 57.7a 
15.0-30.0 57.4 55.8 60.0 57.7a 
Mean 56.2x 56.2x 59.6x 
Clay(%) 
0-7.5 32.0 32.2 31.3 31.8a 
7.5-15.0 31.1 33.0 30.3 31.5a 
15.0-30.0 31.9 35.7 32.9 31.5a 
Mean 31.7x 33.6x 31.5x 
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0-7.5 
7.5-15.0 
15.0-30.0 
Mean 
0-7.5 
7.5-15.0 
15.0-30.0 
Mean 
0-7.5 
7.5-15.0 
15.0-30.0 
Mean 
0-7.5 
7.5-15.0 
15.0-30.0 
Mean 
0-7.5 
7.5-15.0 
15.0-30.0 
Mean 
0-7.5 
7.5-15.0 
15.0-30.0 
Mean 
Satiated Hydraulic Conductivity (cm hf1) 
11.8 
6.05 
7.34 
8.38x 
0.692 
0.490 
4.01 
1.73y 
10.2 
10.9 
5.57 
8.88x 
Water Content at Satiation - 0 bar (m3 m-, 
0.60 
0.51 
0.55 
0.55x 
0.50 
0.52 
0.57 
0.53x 
0.55 
0.55 
0.56 
0.55x 
Water Content at Field Capacity - 0.33 bar (m3 m-3) 
0.33 0.40 0.35 
0.37 0.42 0.39 
0.40 0.39 0.42 
0.37x 0.40y 0.39z 
Water Content at Wilting Point -15 bar (m3 m-3) 
0.21 0.29 0.24 
0.27 0.29 0.27 
0.26 0.30 0.29 
0.25x 0.29y 0.27z 
Organic Carbon (g C kg-1 Soil) 
19.0 17.7 17.9 
17.7 16.8 17.4 
16.8 12.0 13.1 
18.1x 15.5y 16.1z 
Total Nitrogen (g N kg-1 Soil) 
"' 
1.72 1.53 1.54 
1.53 1.43 1.47 
1.43 1.04 1.13 
1.56x 1.33y 1.38y 
7.54a 
5.81a 
5.64a 
0.55a 
0.53b 
0.56a 
0.36a 
0.39b 
0.40b 
0.25a 
0.28b 
0.28b 
18.5a 
17.3b 
14.0c 
1.60a 
1.48b 
1.20c 
Values followed by the same letter within a column (a,b,c) or row (x,y,z) are not signifi-
cantly different at p S 0.05.1 
19 
Fallout Cesium-137 to Assess Soil Erosion 
-
Fallout Cesium-137 to Assess Soil Erosion 
T. Oztas, A.J. Jones, L.N. Mielke and R. Grossman 
Background 
Cesium-137 was released into the 
atmostphere between the 1950s and 1970 
as part of nuclear weapon testing. It was 
carried to the ground by rainfall and ad-
sorbed on finer soil parti~37. Since the 
downward m~~7ment of Cs is limited, the 
activity of Cs remaining in the soil profile 
can be related to soil erosion-deposition 
processes. 
Objective 
To determine the variation of Cs 137 ac-
tivity in the soil profile of noneroded, eroded 
and deposited sites with different slope gra-
dients. 
Procedure 
The research field comprised a 6.5 ha 
cultivated area in western Cass County, NE. 
It was dominated by Sharpsburg silty clay 
loam (Typic Argiudoll). Slope gradients 
within the field ranged from 0 to 9%. The 
research field was gridded on the square at 
100 foot intervals in 1987. At the intersec-
tion of two transects, a soil core, 40 cm 
deep, was collected using a tractor mounted 
hydraulic probe. In addition, soil cores were 
also obtained from an noneroded undis-
turbed grassland ~frder to estimate the 
local reference Cs activity. Cores were 
sectioned i~~ 10 cm increments and ana-
lyzed for Cs activity at the Water Quality 
and Watershed Research Laboratory, Du-
rant, Oklahoma. 
. Slope gradients for each grid intersec-
tion were measured with a clinometer in 
~ach of four directions. Cells were placed 
Into a C or D slope class, if two sides of cell 
~veraged 2 to 5% or 5% or more, respec-
tlvi':Y7 The average slope gradient and 
Cs. activity for a cell were calculated ~y ad<:h~g the values of slope gradient or Cs 1 
activity at each corner of the cell and divid-
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ing the sum by four. Total Cs 137 activity of 
a soil profili~s obtained by integrating the 
vertical Cs activity values through the 
soil profile to a depth of 40 cm. 
If total activity of a soil profile was greater 
than the local noneroded reference value, it 
was designated a deposited site profile. 
Erqg9d site profiles were those having 
Cs activity less than the local reference 
value. Eroded site profiles were then 
grouped according to a C or D slope. 
Results and Discussion 
Depth distribution of Cs 137 activity in 
noneroded, eroded C and D slope and de-
posited fYrs was given in Figure 1. Aver-
age Cs activity in the reference site 
profil~~ to a dept~ of 40 cm was 426q j=,248 
Bq m . Approximately 80% of Cs re-
m~99d within the surface 10 cm layer. 
Cs activity below 15 cm was only 5% of 
tot~~9ctivity. Maximum depth to detectable 
CS137 was 25 cm; thus, almost all fallout 9s remained ~ithin t~e upper soil layers 
In the f3~rence site profiles. A small portion 
of Cs was carried to deeper soil layers 
as the results of iIIuviation, shrink-swelling 
processes and mixing of soil during biolog-
ical activity. 
Eroded site profiles had less Cs 137 ac-
tivity than the local noneroded reference 
~ite. In ~~h reference and eroded site pro-
files, Cs activity decreased rapidly as soil 
depth increased. Howe~3f in deposited 
site profiles, where Cs activity was 
greater than the local referygre value, there 
was no decrease in Cs activity with 
depth. All site comparisons, except non-
eroded versus deposited, were statistically 
significant (Table 1). 
In total 32 cells were assigned to C 
slo~ and 28 were assigne~to D slopes. 
Cs activity w~s 1969 8q m - for C slopes 
and 1402 Bq m- D slopes indicating that C 
Fallout Cesium-137 to Assess Soil Erosion 
and D slopes lost 54 and 69% of their total 
activity wi\W7' a 20-35 year period, respec-
tively. Cs activity in the 0 to 10 and 10 
to 20 cm depths on C slope were greater 
than that of the profiles on D slope (Table 
2)'1!J7 contrast, no significant differences in 
Cs activity were observed for the 20 to 
30 and 30 to 40 cm depths. On the jlJ'f'rage, 
soils on C slope had 40% more Cs activ-
ity than on D slopes. 
Table 1_ Site comparisons for the total Cs 137 activity. 
Cs 137 ActiVity, 8q m-2 
Noneroded vs. C slope eroded 
4260 1969 •• 1 
Noneroded vs. D slope eroded 
4260 1402 
Noneroded vs. Deposited 
4260 4900 NS 
Deposited vs. C slope eroded 
4900 1969 
Deposited vs. D slope eroded 
4900 1402 
C slope eroded vs. D slope eroded 
1969 1402 
1 •• significantly different at p " 0.01. 
NS not significantly different 
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Table 2. Comparison of eroded C & D slope site Cs 137 activity values.2 
Cs 137 Activity, 8q m-2 Considered 
Depth 
C Slope D Slope 
0-10 
10 - 20 
20 - 30 
30 - 40 
1222 
626 
118 
3 
936 
355 
111 
0 
Total 
0-40 1969 1402 
2 Fisher's Least Significant Test (LSD) was used in testing the 
differences between the means. 
3 ** significantly different at p ~ 0.01. 
NS not significantly different 
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Figure 1. Depth distribution of Cs 137 in noneroded, eroded 
C and D slope and deposited sites. 
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Response of Wheat to Phosphorus Placement Under 
Three Tillage Systems in a Wheat Fallow Rotation 
R. A. Nielsen, D. D. Baltensperger and F. N. Anderson 
Objective metering pump and conventional dual appli-
cation knives. 
To determine, in a wheat fallow cropping 
system, the effect tillage systems have on 
the performance of different application 
methods and rates of phosphorus fertilizer. 
Procedure 
From 1986-1990 field studies were con-
ducted at seven environments in Cheyenne 
and Kimball counties of western Nebraska. 
The soils were in a wheat fallow rotation and 
classified as Fine Silty and Fine Loamy 
Mixed Aridic Argiustals with P levels of 8 to 
15 ppm. (Bray P-1). 
The plots were divided into three tillage 
treatments, Black-Fallow, No-Till and Stub-
ble-Fallow. Five P fertilizer rates 0, 8.3, 
16.6, 24.9, and 33.2 kg/ha- were applied 
with three placement methods, knifed in a 
band, seed placement, and broadcast, to 
each tillage treatment. N in the fertilizer P 
source was b~anced by supplemental N to 
total 65 kg/ha - . 
Tillages were performed as needed to 
control weeds and prepare seed beds. 
Black-fallow plots were moldboard plowed, 
then rod weeded for weed control and seed-
bed preparation. Stubble-fallow plots were 
tilled with a wide-sweep plow or a rear 
m.ounted chisel plow with shanks equipped 
With 16 inch sweeps to maintain adequate 
surfaces residues. The no-till plots were 
treated with herbicides as needed . 
. Wheat was planted with a modified hoe 
9nll. equipped with a positive-displacement 
liqUid fertilizer metering pump and a high 
pressure manifold distribution system. The 
bro~9cast treatments were applied with a 
posltlye-displacement fertilizer metering 
pumping and a spray bar, knife treatments 
were applied with a low pressure fertilizer 
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Wheat was harvested at a two inch cut-
ting height with a plot binder, total harvest 
material (biomass) was weighed and 
thrashed, grain weight was measured, 
straw weight was calculated by subtracting 
grain weight from total weight. Harvest 
index was calculated by dividing grain 
weight by total weight. 
Results and Discussion 
Wheat yields increased with increasing 
rates of P in all but one environment. No 
tillage x placement, tillage x rate, or tillage x 
rate x placement interactions were signifi-
cant. Similar to previous studies that did not 
compare tillage systems, the broadcast 
method was less efficient than seed or knife 
placement. When application costs are 
considered, and the least amount of residue 
destruction is desired, seed placement ap-
pears to be the most effective. 
In conclusion the data from this experi-
ment would indicate that similar recommen-
dations would be appropriate for all three 
tillage systems. 
Wheat Yield Response To 
Tillage * PRate 
Grain Yield (Mg/ha) 
2.5 ....................................................................................................................... . 
Slopes Not Significantly Different at P-O.10 
2.3 
2.1 
+ 
1.9 
1.7~----~----~----~------~----~----~----~ 
o 5 10 15 20 
P (kg/ha) 
25 30 
- Black Fallow --+- No Till -*- Stubble Fallow 
Wheat Yield Response To 
P Placement * Rate 
Grain Yield (Mg/ha) Grain Yield (Bu/ac) 
2.7~----------------------------------------~ 
Slopes signlficntly different at P-O.062 
2.5 .................. -.................................................. _-- .. -........................ -........ . 
2.3 
. 
35 
39 
37 
35 
33 
2.1 ........................................................ 31 
29 1.9 ..................................................................... -.............................................. . 
27 
1.7~--------~--------~~--------~--------~25 
o 8.3 16.6 24.9 33.2 
P (kg/ha) 
- Broadcast --+- Knife -*- Seed 
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Wheat Yield Response To 
Environment * PRate 
Grain Yield (Mg/ha) 
3.5~--------------------------------------------~ 
+ Slopes significantly different at P-O.05 
3~----------~~---·~···~··=···~··~···~···~··~···~···=··=···~··= ...~ ...=.~ ...= .. = ...~ ...= ..~ ...= .. = ... ~ ... = .. = ...= .. ~ ...~ ... 
+ 
2.5 ............................ ~ .................. . . ... .", ............................ . 
!i"""" 
1.:i~= 
1~----------~----------~--------~----------~ 
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Evaluation of Soil Testing for Nitrate-Nitrogen 
Edwin J. P"enas 
Objective: 
Demonstrate the validity of using soil 
tests for nitrate-nitrogen as a guide for de-
termining the amount of nitrogen fertilizer 
needed to produce a crop of corn. 
Procedure: 
Thirteen fields were selected fordemon-
stration sites. At nine sites, two rates of 
nitrogen were compared. One of these 
sites received a single rate of nitrogen 
where two previously applied rates of nitro-
gen resulted in different amounts of nitrate-
nitrogen in the soil. Three rates of nitrogen 
were employed at the other four sites. 
Soil samples were collected prior to plot 
establishment. Fertilizer application rates 
were based on soil tests, previous crop and 
expected yield. Field-length plots ~ere 
used except in two sites in Cuming County 
(Kn). Fertilizer was applied by the cooper-
ating farmer or fertilizer dealer. 
Gra!n yield~ in the field length plots were 
determined uSing the cooperating farmer's 
combine and weighing the harvested grain 
on a portable weigh wagon. At the two sites 
where less than field-length plots were har-
vested, samples were hand-harvested 
shelled, weig hed, gnd subsampled for mois: 
ture. 
Results and Discussion: 
Data collected from thirteen sites in 1991 
are presented in Tables 1 and 2 and dis-
cussed below. 
Two Rates of Nitrogen 
Data are summarized in Table 1. The 
data from the Saunders County (8) site are 
for t~e third year from this irrigated field. 
~epllcated strips of 60 and 166 pounds of 
mtrogen per acre were applied in 1989 for 
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corn. Soybeans were grown in 1990 with 
no added fertilizer and soil samples were 
collected after soybean harvest. Where 60 
pounds of nitrogen per acre had been ap-
plied, 50 pounds of nitrate-nitrogen per acre 
four-feet was found. This compares to 92 
pounds per acre four-feet where 166 
pounds of nitrogen per acre had been ap-
plied. Using the soil test for nitrogen from 
the low rate strips (50 Ibs/ac 4 ft), an ex-
pected yield of 140 bushels per acre and 
the ~revious crop of soybeans (SO Ibsiac N 
credit), the suggested rate of nitrogen was 
80 pounds N per acre. This amount (81 
pound~ N/~cre) was applied uniformly over 
the entire field. Harvested corn grain yield 
e~ceeded the expected yield; however, the 
higher level of nitrogen in the soil (92 Ibs 
N/ac 4 ft) resulted in a 4 bushel per acre 
higher yield. This suggests that the soy-
bean credit was not appropriate for this field. 
One other site, Saunders County (H) 
involved irrigated corn after soybeans. At 
this site, soil nitrogen was high (180 Ibs/ac 
4 ft) and 50 tons of feedlot waste was ap-
plied after soil samples were taken. The 
application of 50 pounds of N per acre did 
not influence corn grain yields. 
At five sites non-irrigated corn was 
grown following soybeans. Nitrogen rates 
were based on expected yield, soil nitrogen 
tests, and a 40-50 pound N credit for soy-
beans compared to a rate without the soy-
bean credit. The low rate of nitrogen was 
adequate for maximum yield at only one 
site, Cuming County (Kr); however, at this 
sit~ y~eld wa~ less than expected because 
of limited mOisture. At the other four sites 
yields were increased 5 to 8 bushels with 
the additional 40-50 Ibs N per acre. 
. At. the Cu~ing County (Kn) site, the ap-
plication of mtrogen for corn following corn 
on a soil high in nitrogen (145 Ibs/acre 3 ft) 
did not increase grain yield. Corn followed 
alfalfa on a field in Washington County (D). 
Evaluation of Soil Testin for Nitrate-Nitro en 
Nitrogen fertilizer did not influence com 
yields at this site. 
Three Rates of Nitrogen 
Data for these four sites are summarized 
in Table 2. Com followed com at two sites. 
One site, Burt County (M), was irrigated and 
the suggested rate of nitrogen was 40 
pounds per acre for 175 bushel per acre on 
a soil containing 155 pounds of N/acre 4 
feet. Nitrogen increased grain yield slightly 
(sig. @ 0.10); however, the greatest differ-
ence occurred between 0 and 40 Ibs/ac (sig. 
@ 0.18). At the other site, Cuming (Kn), 
yields were restricted by low moisture. Fer-
tilizer nitrogen had no effect on com yield. 
Corn followed soybeans at two loca-
tions. At Johnson County (W), 120 pounds 
of nitrogen was suggested for 170 bushels 
irrigated corn following soybeans where soil 
test for nitrogen was low (45 Ibs/ac 4 ft.). 
This rate did give near maximum yield; how-
ever, this yield was 22 bushels less than 
expected yield. Reducing the rate 52 
pounds N per acre resulted in an 11 bu/ac 
reduction in yield. Increasing the rate of 
applied N 22 pounds per acre did not signif-
icantly increase grain yield. 
Non-irrigated corn following soybeans 
was grown at a site in Washington County 
(H). Based on soil test (76 Ibs N/acre 4 ft), 
expected yield of 120 bu/ac following soy-
beans, 25 pounds of N was suggested. 
Rates of 0, 50, and 100 Ibs N per acre were 
applied. The 50 pound rate increased yield 
10 bushels per acre; however, increasing 
the rate to 100 Ibs/acre did not significantly 
increase the yield above that from 50 
pounds per acre. 
Summary 
These data demonstrate that soil tests 
for nitrate-nitrogen provide viable guidelines 
to determine the nitrogen fertilize needs for 
corn. Allowing a nitrogen credit for a pre-
ceding soybean crop resulted in reduced 
yields at most sites in 1991. 
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Table 1. Influence of nitrogen fertilizer on grain yield, grain moisture, and test weight of 
corn at nine locations, 1991. 
Low N Rate High N Rate Difference 
Burt County (C) 
70 Ibs N/ac 4 feet (Expected yield = 130 bu/ac) 
Corn after soybeans, non-irrigated 
Applied Nitrogen, Ibs/ac 40 80 40 
Grain Yield, bu/ac 127 133 6*** 
Grain Moisture, % 12.2 12.3 0.1 
Grain Test Weight, Ibs/bu 58.6 58.6 0 
Cuming County (Kn) 
145 Ibs N/ac 3 feet (Expected yield = 120 bu/ac) 
Corn after corn, non-irrigated 
Applied Nitrogen, Ibs/ac 0 60 60 
Grain Yield, bu/ac 104 99 -5 
Grain Moisture, % 20.2 19.9 -0.3 
Grain Test Weight, Ibs/bu 56.2 56.5 0.3* 
Cuming County (Kr) 
51 Ibs N/ac 3 feet (Expected yield = 120 bu/ac) 
Corn after soybeans, non-irrigated 
Applied Nitrogen, Ibs/ac 50 100 50 
Grain Yield, bu/ac 100 99 -1 
Grain Moisture, % 18.7 18.8 0.1 
Grain Test Weight, Ibs/bu 54.2 53.6 -0.5** 
Dodge County (E) 
52 Ibs N/ac 4 feet (Expected yield = 120 bu/ac) 
Corn after soybeans, non-irrigated 
Applied Nitrogen, Ibs/ac 56 96 40 
Grain Yield, bu/ac 115 121 6** 
Grain Moisture, % 14.8 14.6 -0.2 
Grain Test Weight, Ibs/bu 57.9 57.8 -0.1 
Dodge County (H) 
35 Ibs N/ac 3 feet (Expected yield = 120 bu/ac) 
Corn after soybeans, non-irrigated 
Applied Nitrogen, Ibs/ac 70 120 50 
Grain Yield, bu/ac 122 130 8** 
Grain Moisture % 14.7 15.0 0.3 
Grain Test Wei'ght, Ibs/bu 56.3 56.5 0.2 
31 
Evaluation of Soil Testin for Nitrate-Nitro en 
Table 1. Continued. 
Low N Rate High N Rate Difference 
Saunders County (8) 
81 Ibs N/ac applied (Expected yield = 140 bu/ac) 
Corn after soybeans, irrigated 
Soil Nitrogen, Ibs/ac 4 feet 50 92 42 
Grain Yield, bu/ac 151 155 4** 
Grain Moisture, % 12.1 12.0 -0.1 ** 
Grain Test Weight, Ibs/bu 57.1 56.9 -0.2* 
Saunders County (H) 
180 Ibs/ac 4 feet (Expected yield = 160 bu/ac) 
Corn after soybeans, irrigated 
Applied Nitrogen, Ibs/ac 0 50 50 
Grain Yield, bu/ac 159 160 1 
Grain Moisture, % 13.6 13.6 0 
Grain Test Weight, Ibs/bu 60.7 60.9 0.2 
Washington County (0) 
66 Ibs N/ac 4 feet (Expected yield = 130 bu/ac) 
Corn after soybeans, non-irrigated 
Applied Nitrogen, Ibs/ac 50 100 50 
Grain Yield, bu/ac 110 115 5*** 
Grain Moisture, % 13.2 13.1 -0.1 ** 
Grain Test Weight, Ibs/bu 57.3 57.5 0.2** 
Washington County (0) 
No Soil Test (Expected yield = 120 bu/ac) 
Corn after alfalfa, non-irrigated 
Applied Nitrogen, Ibs/ac 0 50 50 
Grain Yield, bu/ac 115 113 -2 
Grain Moisture, % 13.0 13.0 0 
Grain Test Weight, Ibs/bu 57.7 57.9 0.2 
*,**, ***: Significantly different @ 0.10,0.05, and 0.01 probability. 
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Table 2. Influence of rate of nitrogen fertilizer on grain yield, grain moisture, and test weight 
of corn at four locations, 1991. 
Rate of Nitrogen Difference 
Low Med High M-L H-M 
Burt county (M) 
155 Ibs N/ac. 4 feet (Expected yield = 175 bu/ac) 
Corn after corn, irrigated 
Applied Nitrogen, Ibs/ac. 0 40 80 40 40 
Grain Yield, bu/ac 158 167 173 9 6 
Grain Moisture, % 16.7 16.4 16.6 -0.3 0.2 
Grain Test Weight, Ibs/bu. 59.6 59.6 59.9 0 0.3· 
Cuming County (Kn) 
96 Ibs N/ac. 3 feet (Expected yield = 110 bu/ac) 
Corn after corn, non-irrigated 
Applied Nitrogen, Ibs/ac. 0 40 80 40 40 
Grain Yield, bu/ac 71 76 67 5 -9 
Grain Moisture, % 18.4 17.6 17.3 -0.8 -0.3 
Grain Test Weight, Ibs/bu. 56.4 56.1 56.3 -0.3 0.2 
Johnson County (W) 
45 Ibs N/ac. 4 feet (Expected yield = 170 bu/ac) 
Corn after soybeans, irrigated 
Applied Nitrogen, Ibs/ac 68 120 142 52 22 
Grain Yield, bu/ac 137 148 152 11'*·· 4 
Grain Moisture, % 11.8 11.5 11.6 -0.3··· 0.1 
Grain Test Weight, Ibslbu. 60.6 60.4 60.3 -0.2 -0.1 
Washington County ~H) 
76 Ibs N/ac. 4 feet ( xpected yield = 120 bu/ac) 
Corn after soybeans, non-irrigated 
Applied Nitrogen, Ibs/ac. 0 50 100 50 50 
Grain Yield, bu/ac. 121 131 133 10.··· 2 
Grain MOisture, % 12.6 12.2 12.3 -0.4·· 0.1 
Grain Test Weight, Ibs/bu. 60.1 59.7 59.4 -0.4··· -0.3· 
., •• , ••• : Significantly different @ 0.10,0.05, and 0.01 probability. 
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Quantifying Nitrate Leaching Under Continuous Corn Versus a 
Corn-Soybean Rotation 
Norman L. Klocke, Gary W. Hergert, and Joel P. Schneekloth 
Objectives: 
1. Quantify mineral nitrogen leaching losses 
on a year around basis for continuous no-
tillage corn and for no-till corn and soybeans 
in a corn-soybean rotation. 
2. Quantify the portion of residual nitrate 
from corn fertilization that is taken up by the 
following soybean crop or corn crop to de-
termine rotation nitrogen use efficiencies. 
Results and Discussion 
Field and Equipment Characteristics 
surveyed. Soil in the Iysimeters was low-
ered 5 to 8 cm while the pipe walls were 
pushed into the ground. Statistical analysis 
showed no significant differences in soil 
bulk density for the 0 to 60 cm depths and 
the 120 to 165 cm depths. Slight compac-
tion was indicated at the 75 cm and 90 cm 
depths (Pr < F=0.1 0 and 0.16, respectively). 
No adverse effects of the consolidation 
seemed evident of plant growth orwater use 
during 1991. Only slight temperature differ-
ences were shown between the field soil 
and soil in the Iysimeter. 
Crop Characteristics 
Crop growth in the Iysimeters was com-
pared with the adjacent plot area in ,991. 
Continuous corn received 212 kg N ha - and 
co~~ following spybean received 168 kg N 
ha as ammonium nitrate (34-0-0). These 
N rates were based on a 4 year field yield 
average, residual ~oil nitrate, and a soybean 
credit of 55 kg ha- . 
During the growing season there were 
no visual differences between corn or soy-
bean growth in the Iysimeters and the sur-
rounding field. Grain and stover were 
harvested from the 4 corn plants in the 
Iysimeters and compared with 4-plant sam-
ples from the plot. Larger grain and stover 
samples were taken from 12.1 m of row 
length in the field~ The mean grain yields 
were 1 ~.6 Mg ha- for the Iysimeters, 12.3 
MQ1ha- for the 12.1 m row, and 13.4 Mg 
ha as an average of four 4-plant samples 
from the field. There was no significant 
dif!yrence ~etween stover yields 0\ 7.4 Mg 
ha for Iyslmeters and 7.1 Mg ha- for the 
field. 
Soil Water Content and Leaching 
Fourteen monolithic percolation Iysime-
ters were installed and instrumented for soil 
water extraction during 1989 and 1990 in 
the cropping systems experiment at the 
WCREC at North Platte. The Iysimeters are 
90 cm in diameter and 240 cm deep. The 
24 m by 24 m plots have been In their 
respectiv~ ~r~p rotati~ns for? years. The 
plot area IS Irngated With a solid set sprinkler 
system. There are six replicated plots of 
continuous corn and four replicates of the 
com-soybean rotation (8 plots) with each 
crop present each year. The soil is a struc-
tured silt loam (Cozad silt loam-Fluventic 
haplustoll). Soil water content in the field 
a~d in the Iysimelers is measured weekly 
~Ith neutron attenuation. Soil temperature 
IS measured by thermocouples installed at 
6 depths in four Iysimeters and the field. 
After in~tallation soil bulk density was mea-
sured In the field and Iysimeter with a 
Madera soil sampler developed by USDA 
SCS to ~etermine whether any significant 
comp~ctlon occurred during Iysimeter in-
st~lIatlon. Differences in soil bulk density, 
SOil temperature and Iysimeter leachate 
wer~ analyzed using a repeated measures 
design. 
Soil water content of the Iysimeters and 
. £?ur~ng installation the soil surface eleva- the field were similar after the 1989 growing 
tlon inSide the Iysimeter and in the field were season. During 1990 six extractors in each 
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Iysimeter did not remove percolating water 
rapidly enough compared to normal unsat-
urated flow in the field. Six more extractors 
were installed in each Iysimeter during the 
fall of 1990 and improved soil water extrac-
tion during 1991 for initiation of this experi-
ment. 
The spring and summer of 1990 was the 
first year of testing for Iysimeters in contin-
uous com. Vacuum operating pressures for 
optimum extractor performance were estab-
lished during this time. Weekly outflows 
from the six continuous corn Iysimeters 
were more consistent in 1991 than in 1990. 
A comparison of flow volumes between ro-
tations is shown in Table 1. Anhough the 
extraction system did not keep up with real-
time leaching in the field, the entire volume 
of leachate was collected. 
The soil water content following com 
was different than soybean, regardless of 
cropping system. Figure 1 shows that corn 
following soybean had less accumulated 
soil moisture than continuous corn. Both 
rotations were managed to apply only 
enough irrigation water to meet crop needs 
yet deplete soil water by crop maturity to 
allow room for storage of over-winter and 
spring precipitation. Soybean was more ef-
fective in utilizing soil moisture at the end of 
the growing season than com and leaves 
the soil somewhat drier. Applying less 
water to the com would reduce soil water 
carryover, but could possibly depress 
yields. One of the advantages of the corn-
soybean rotation compared to continuous 
corn is the fact that more natural precip~a­
tion can be stored following soybean; there-
fore, over-winter and early growing season 
leaching should be less in corn following 
soybean than corn following corn. 
Precipitation during 1991 w~ near the 
long term average of 493 mm y( ,although 
May precipitation was 45 mm above the 
long term average of 84 mm and June pre-
cipitation was 21 mm above the long term 
average of 87 mm. This was sufficient rain-
fall in addition to over-winter moisture to 
cause leaching. Figure 2 shows the aver-
36 
age flow-weighted N03-N. concnetrations 
from the 61ysimeters in continuous corn and 
the 4 Iysimeters in corn following soybean. 
The quantity of water and nitrogen leached 
from continuous corn was much higher than 
corn followin~ soybean, although the N03-
N concentratIon of the leachate was higher 
under the corn following soybean. The plots 
will be followed over several years to see 
how much less the total quantity of N03-N 
leached is, if any, for the corn-soybean ro-
tation versus continuous corn. The initial 
results are promising, however. 
Quantif in Nitrate Leachin 
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Table 1. Comparison of leaching losses for Iysimeters in the two crop rotations. 
Continuous Corn 
Plot Leachate N03-~ N03-~ 
No. cm kg ha- mg L-
337 21.2 74.5 35.0 
338 18.8 76.6 39.3 
339 27.1 125.3 45.9 
340 18.4 21.8 11.8 
341 24.5 99.3 40.2 
342 26.7 144.4 53.7 
AVERAGE 22.8 90.3 39.4 
Corn Soybean Rotation 
Plot Leachate N03-~ N03-~ 
No. cm kg ha- mg L-
336 7.0 64.8 92.0 
313 0.7 4.9 65.5 
304 0.5 3.7 78.1 
323 0.0 0.0 
AVERAGE 2.1 18.4 88.8 
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Figure 1. Early spring soil water content differences following 
corn or sorghum 
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Figure 2. Leaching loss of water and nitrate from continuous 
corn versus corn following soybean. 
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-Influence of Early Ammonium Nutrition on Corn Growth & Grain Yield 
Gary W. Hergert 
Objectives: matter 1.8%, Bray P-1 10 ppm, K 5S0 ppm, 
and DTPA-Zn 1.2 ppm. Phosphate fertilizer 
(100 Ibs/A) was broadcast before planting 
each year to ensure adequate P. 
Determine the influence of elevated am-
monium levels on early growth and final 
yield of com. 
1. compare placement effects of UAN with 
and without N-Serve for a 2 x 2 band at 
planting versus spoke or knife injected UAN 
over the row or 7 inches from the row on 
seedling emergence, ear1y plant stand and 
dry matter at growth stage VS. 
2. Determine soil ammonium and nitrate 
levels at VS for the check, 20 and 40 pound 
nitrogen rates with and without nitrification 
inhibitor in the 2 x 2 band. 
3. Determine treatment effects on nitrogen 
uptake at physiological maturity, final plant 
population, grain yield, ear weight, and ears 
per plant. 
In corn the potential number of ovules on 
the top ear is set by about V12 and the 
number of ovules which develop silks is set 
by about V14 (Hanway, 1971). Some re-
search has indicated that elevated soil am-
monium levels can enhance ovule number. 
The exact time when the increased ammo-
nium/nitrate ratios may affect ear size or 
ovules/ear is not well established. Several 
studies have shown that when ammonium-
nitrogen is applied at later stages (V8 to V9) 
the inclusion of a"flitrification inhibitor may 
reduce nitrogen availability and decrease 
yields. If elevated ammonium levels do in-
crease yield potential, practical techniques 
in nitrogen application are needed to control 
ammonium/nitrate ratios and to optimize 
ammonium availability between seedling 
emergence and V14. 
Procedure: 
This experiment was conducted at the 
University of Nebraska West Central Re-
search and Extension Center, North Platte, 
NE on a Cozad silt loam during 1990 and 
1991. Soil analysis showed pH 7.2, organic 
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Treatments used both years varied be-
cause the spoke injector was not available 
in 1990. In 1991 a spoke injector was built 
and spoke treatments were included (Table 
1.). Urea ammonium nitrate solution with 
and without N-Serve 24E was row applied 
2 x 2 inches to the side and below the seed 
at planting. Knifing experiments were ap-
plied preplant with the knife running 7 inches 
from the plant row center at a 3 inch depth. 
In 1990 plots mistakenly received both the 
preplant knife application plus the planting 
time application. Spoke treatments were 
injected to a S inch depth. Additional N to 
supply a total of 200 Ibs N/A was side-
dressed after sampling near the VS growth 
stage both years. In 1990 UAN with 0.5 Ibs 
N-Serve 24E per acre was used. In 1991 
anhydrous ammonia was used to supply the 
additional N. 
Results and Discussion: 
Samples for soil ammonium and nitrate 
were taken through the row band on June 
13, 1990 and June 11, 1991 at the V5 
growth stage. Two 3 inch cores 8 inches 
deep were taken from each rep to capture 
the row band in the middle of the core. The 
core was then divided into 2-inch incre-
ments. Ammonium-N concentrations and 
the analysis of variance is shown in Table 
2. Check ammonium-N levels are shown 
for comparison but were not used in the 
AOV. It was fair1y difficult to be certain that 
the band was always hit in 1990 because 
we had no marking system other than ap-
proximate location next to the growing com. 
The soil analysis indicated higher N levels 
somewhere between the S to 8 inch depth 
of the higher nitrogen rates. Because of the 
high variability (coefficient of variation) there 
were no significant treatment effects shown 
in most of the soil ammonium data. There 
were significantly higher (Pr > F=.1 ) ammo-
nium levels where the N-Serve was used, 
however, for the 6 to 8 inch depth. 
In 1991 there also were no significant 
treatment effects on V5 soil ammonium but 
the influence of N-Serve were apparent at 
the 0 to 2 and 2 to 4 inch depths. The 
influence was also shown on nitrate-No 
Again, the high CV caused problems with 
comparison. 
Soil nitrate levels indicated that the band 
was sampled in most instances (Table 3). 
The coefficient of variation was high and 
there were no significant treatment effects 
in 1990. In 1991 there was a significant 
effect of N-Serve. Lower nitrate-N levels 
were found in all depths where N-Serve was 
used indicating that it was delaying nitrifica-
tion. Dry matter at V5 and physiological 
maturity were significantly higherforthe 120 
and 160 Ib N rates in 1990. In 1991 the data 
were analyzed as different factorial sets. 
The first set analyzed the factorial set of 
row-applied treatments with and without N-
Serve. The second set compared the fac-
torial set of the four application methods at 
the 80# N rate with and without N-Serve. 
Treatments showed no significant effect 
on V-5 orfinal harvest population either year 
(Table 4). The check yield values are in-
cluded as a reference only. In 1990 there 
was no influence of treatment on plant dry 
matter at V-5. The N rate effect at physio-
logical maturity in 1990 was due to a some-
what lower dry matter of the 40 and 80 
pound nitrogen rates compared to the re-
maining treatments. In 1991 for the row-ap-
plied factorial set there was a significant 
effect of N-Serve to produce slightly lower 
dry matter accumulations at V5 (Table 4). 
The N-Serve effect was not apparent at 
maturity, however. There was also an effect 
of N rate effect forthis set shown at maturity. 
The 20 and 40 Ib row-applied N rates pro-
duced less dry matter than the 60 and 80 Ib 
rates. 
There was a significant difference due to 
method of application at the 80 Ib N rate in 
dry matter at both the V5 and physiological 
maturity samplings in 1991 (Table 4). The 
knifed and spoke injected N at 7 inches were 
significantly lower than the row-applied or 
spoked N over the row. The data point the 
importance of close proximity ofthe band on 
early response from starter N. 
Table 5 shows the grain yield parame-
ters for the matured crop in 1990. There 
were no significant treatment effects on 
grain yield or moisture. The coefficient of 
variation for these parameters was ex-
tremely low. There was a significant nitro-
gen response although all nitrogen 
treatments yielded the same. All plots did 
receive a total of 200 pounds of nitrogen per 
acre. There was a significant treatment N 
rate effect on ear weight, but there was no 
consistent trend related to rate. 
Table 6 shows the grain yield parame-
ters for the matured crop in 1991. There 
were no significant treatment effects on 
grain yield or moisture. There was a signif-
icant nitrogen response although all nitro-
gen treatments yielded the same. All plots 
received a total of 200 pounds of nitrogen 
per acre. For the row-applied factorial set 
there was a significant treatment N rate 
effect on ear weight with the 20 Ib row N rate 
producing less than the other 3 rates. For 
the application method factorial set there 
was a significant effect of distance. The 
knifed and spoke treatments 7" from the row 
produced smaller ears than the row-applied 
N. This showed the same response as dry 
matter, but did not influence final yield. 
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This study did not conclusively show any 
benefit from enhanced ammonium nutrition 
on grain yield during the 2 years. The N-
Serve effectively kept more ammonium 
available up the V5 stage. No later soil 
sampling was done. The study did show the 
importance of a closely spaced N band com-
pared to one 7 inches away. There was an 
indication that lower N rates (20 to 40 Ib) in 
the row may produce less dry matter than 
higher rates, but no effect was shown on 
grain yield. 
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Table 1. Ammonium nutrition experiment treatments. 
Treatment 
1 (Check) 
2 
3 
4 
5 
6 
7 
8 
9 
Treatment 
1 (Check) 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 {If 
12 
13 
14 
15 
1990 Treatments 
Row applied 
Preplant knifed at planting 
N Rate N-Serve N Rate N-Serve 
-----------------------------It>sA------------------------------
o 0 0 0 
20 0 20 0 
20 0.5 20 0.5 
40 0 40 0 
40 0.5 40 0.5 
60 0 60 0 
60 0.5 60 0.5 
80 0 80 0 
80 0.5 80 0.5 
1991 Treatments 
Application 
Method 
Row 
Row 
Row 
Row 
Row 
Row 
Row 
Row 
Knife (7") 
Knife (7") 
Spoke (7") 
Spoke (7") 
Spoke (0") 
Spoke (0") 
At Planting 
N Rate N-Serve 
------It>s A--------
o 0 
20 0 
40 0 
60 0 
80 0 
20 0.5 
40 0.5 
60 0.5 
80 0.5 
80 0 
80 0.5 
80 0 
80 0.5 
80 0 
80 0.5 
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Table 2. Soil ammonium concentrations. 
Treat-
ment 
Check 
80#N 
80# N + N-Serve 
160# N 
160# N + N-Serve 
Rep 
N Rate 
N-Serve 
NR*NI 
CV 
Treat-
ment 
Check 
40R#N 
40R# N + N-Serve 
80R#N 
80R# N + S-Serve 
Rep 
N Rate 
N-Serve 
NR*NI 
CV 
1990 soil ammonium 
0-2" 2-4" 4-6" 6-8" 
-----------------------N t-i4 -N ppm----------------------
4.0 4.9 5.6 5.0 
4.9 
5.4 
8.9 
4.4 
5.1 
5.6 
5.3 
5.7 
4.9 
20.2 
5.3 
7.6 
5.6 
54.9 
16.7 
51.0 
1990 ANOVA without the check for ammonium 
0-2" 2-4" 4-6" 6-8" 
---------------------------PR > F---------------------------
.66 .98 .45 .43 
.43 .83 .29 .88 
.30 .54 .14 .10 
.20 .98 .27 .75 
62% 29% 115% 142% 
1991 soil ammonium 
0-2" 2-4" 4-6" 6-8" 
-----------------------N t-i4 -N ppm----------------------
7.4 6.9 6.5 7.3 
9.7 
27.0 
18.6 
49.9 
23.1 
60.7 
34.1 
89.8 
12.0 
11.6 
11.5 
19.0 
8.2 
7.6 
6.3 
7.1 
1991 ANOVA without the check for ammonium 
0-2" 2-4" 4-6" 6-8" 
---------------------------PR > F--------------------------
.66 .80 .50 .99 
.32 .50 .46 .37 
.14 .14 .45 .91 
.65 .76 .40 .60 
114% 109% 66% 35% 
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Table 3. Soil nitrate concentrations. 
Treat-
ment 
Check 
80#N 
80# N + N-Serve 
160# N 
160# N + N-Serve 
Treat-
ment 
ReJ> 
N Rate 
N-Serve 
NR*NI 
CV 
Treatnnent 
Check 
40R#N 
40R# N + N-Serve 
BOR#N 
BOR# N + N-Serv& 
Treatnnent 
ReJ> 
N Rate 
N-Serve 
NR*NI 
CV 
1990 soil nitrate 
0-2" 2-4" 4-6" 6-8" 
------------------------------J>J>nn---------------------------
14.1 7.9 6.8 6.7 
15.1 
16.8 
30.3 
17.8 
13.3 
13.6 
21.6 
16.0 
14.0 
18.4 
22.2 
18.8 
1990 ANOVA without the check for nitrate 
26.7 
29.5 
46.0 
28.2 
0-2" 2-4" 4-6" 6-8" 
----------------------------PR > F---------------------------
.60 .70 .19 .60 
.24 .18 .16 .45 
.42 .50 .87 .52 
.30 .45 .20 .38 
65% 47% 31% 69% 
1991 soil nitrate 
0-2" 2-4" 4-6" 6-8" 
-----------------------------J>J>nn-----------------------------
7.6 6.5 5.5 5.9 
11.9 
6.2 
17.5 
9.8 
32.2 
6.9 
40.4 
11.9 
21.8 
10.7 
27.8 
16.9 
1991 ANOV A without the check for nitrate 
15.2 
11.0 
23.1 
16.3 
0-2" 2-4" 4-6" 6-8" 
----------------------------p R > F ----------------------------
.43 .99 .83 .87 
.16 .44 .19 .03 
.05 .01 .03 .05 
.75 .85 .98 .61 
53% 73% 45% 30% 
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Table 4. Dry matter and population 
Treat-
ment 
Check 
40#N 
40# N + N-Serve 
80#N 
80# N + N-Serve 
120# N 
120# N + N-Serve 
160# N 
160# N + N-Serve 
Rep 
N Rate 
N-Serve 
NR*NI 
CV 
1990 data 
Dry Matter 
V5 Harvest 
---------g rams/plant-------
4.60 255 
7.68 
6.75 
7.78 
7.05 
8.38 
8.75 
7.68 
7.58 
287 
301 
308 
297 
324 
314 
313 
323 
ANOVA without the check 
Population 
V5 Harvest 
-----1000 plants/ A-----
24.6 24.3 
26.6 
24.8 
25.7 
26.6 
25.2 
24.8 
25.4 
26.6 
26.4 
25.0 
25.1 
26.7 
24.6 
24.3 
25.4 
26.8 
Dry Matter Population 
V5 Phys. Mat. V5 Harvest 
---------------------... ----------PR:>f=--------------------------------
.01 .71 .72 .78 
.12 .05 .69.45 
.40 .94 .99 .64 
.66 .44 .49.45 
15% 6% 8% 9% 
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Table 4 continued 
Treat-
ment 
Check 
1991 data 
Dry Matter 
V5 Phys. Mat. 
----gramslplant----
3.80 148 
Population 
V5 Harvest 
---1 000 plants/ A---
27.5 26.5 
20#N Row 5.95 238 
241 
252 
237 
256 
261 
263 
251 
243 
242 
248 
254 
238 
249 
28.1 
28.1 
26.9 
27.2 
26.1 
25.8 
26.8 
26.5 
26.9 
29.3 
26.7 
27.0 
27.6 
26.9 
27.7 
27.5 
26.5 
27.2 
26.4 
26.6 
26.3 
26.2 
27.3 
28.9 
25.8 
27.2 
27.4 
26.1 
20#N + N-Serve Row 5.22 
40#N Row 6.38 
40#N + N-Serve Ros 5.88 
60#N Row 5.93 
60#N + N-Serve Row 5.68 
80#N Row 6.58 
80#N + N-Serve Row 5.85 
80#N Knife 4.05 
80#N + N-Serve Knife 4.53 
80#N Spoke(O") 6.08 
80#N+N-Serve Spoke (0) 6.13 
80#N Spoke (7") 5.58 
80#N+N-Serve Spoke (7) 4.95 
Rep 
N Rate 
N-Serve 
NR*NI 
CV 
Rep 
Method 
N-Serve 
NR*NI 
CV 
ANOV A for row-applied factorial set 
Dry Maner Population 
V5 Phys. Mat. V5 Harvest 
---------------------------------P R > F ------------------------------
.14 .04 .70 .89 
.43 .01 .15 .43 
.08 .19 .90 .74 
.93 .11 .98 .96 
14% 4% 7% 6% 
ANOV A for application method factorial set 
Dry Matter Population 
V5 Phys. Mat. V5 Harvest 
--------------------------------PR> F------------------------------
.18 .08 .50 .10 
.01 .02 .21 .08 
.43 .76 .40.44 
.32 .12 .17 .20 
13% 4% 5% 5% 
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Table 5. 1990 TVA ammonium nutrition harvest parameters. 
Treat-
ment 
Check 
40#N 
40# N + N-Serve 
80#N 
80# N + N-Serve 
120# N 
120# N + N-Serve 
160# N 
160# N + N-Serve 
Treat-
ment 
Rep 
N Rate 
N-Serve 
NR*NI 
CV 
Grain Grams/ 
Bu/A Moisture Ear 
128 16.4 115 
180 15.4 148 
181 15.4 154 
177 15.6 149 
178 15.5 147 
182 15.4 157 
183 15.2 159 
186 15.4 156 
188 15.6 150 
ANOVA without the check 
Grain Grams/ 
Bu/A Moisture Ear 
----------------------PR> F--------------------
.76 .23 .59 
.27 .30 .04 
.68 .60 .91 
.99 .34 .37 
5% 2% 4% 
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Table 6. 1991 TVA ammonium nutrition harvest parameters. 
Treat- Grain Grams! 
ment BulA Moisture Ear 
Check 104 17.7 85 
20#N Row 189 17.6 147 
20#N + N-Serve Row 183 17.9 144 
40#N Row 187 17.8 153 
40#N + N-Serve Row 180 17.6 145 
60#N Row 183 18.3 150 
60#N + N-Serve Row 186 17.7 152 
BO#N Row 191 18.B 158 
BO#N + N-Serve Row 1B7 1B.4 157 
BO#N Knife 1B7 18.8 150 
BO#N + N-Serve Knife 192 18.4 143 
BO#N Spoke (0") 182 1B.0 152 
BO#N + N-Serve Spoke (0") 194 17.9 154 
BO#N Spoke (7") 180 18.0 142 
BO#N + N-Serve Spoke (7") 181 18.6 152 
ANOV A for row-applied factorial set 
Treatment 
Rep 
N Rate 
N-Serve 
NR*NI 
CV 
Treatment 
Rep 
Method 
N-Serve 
NR*NI 
CV 
Grain Gramsl 
Bul A Moisture Ear 
-------------------PR> F-------------------
.02 .39 .04 
.63 .85 .06 
.22 .68 .14 
.62 .74 .55 
5% 5% 4% 
,." ANOV A for application method factorial set 
G~n Grnms! 
BulA Moisture Ear 
-------------------PR> F-------------------
.31 .12 .27 
.26 .08 .03 
.36 1.00 .85 
.42 .60 .09 
5% 4% 4% 
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Table 5. 1990 TVA ammonium nutrition harvest parameters. 
Treat-
ment 
Check 
40#N 
40# N + N-Serve 
80#N 
80# N + N-Serve 
120# N 
120# N + N-Serve 
160# N 
160# N + N-Serve 
Treat-
ment 
Rep 
N Rate 
N-Serve 
NR*NI 
CV 
Grain Gramsl 
Bu/A Moisture Ear 
128 16.4 115 
180 15.4 148 
181 15.4 154 
177 15.6 149 
178 15.5 147 
182 15.4 157 
183 15.2 159 
186 15.4 156 
188 15.6 150 
ANOVA without the check 
Grain Grams! 
Bu/A Moisture Ear 
---------------------PR> F--------------------
.76 .23 .59 
.27 .30 .04 
.68 .60 .91 
.99 .34 .37 
5% 2% 4% 
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Table 6. 1991 TVA ammonium nutrition harvest parameters. 
Treat- Grain Gramsl 
ment Bu/A Moisture Ear 
Check 104 17.7 85 
20#N Row 189 17.6 147 
20#N + N-Serve Row 183 17.9 144 
40#N Row 187 17.8 153 
40#N + N-Serve Row 180 17.6 145 
60#N Row 183 18.3 150 
60#N + N-Serve Row 186 17.7 152 
80#N Row 191 18.8 158 
80#N + N-Serve Row 187 18.4 157 
80#N Knife 187 18.8 150 
80#N + N-Serve Knife 192 18.4 143 
80#N Spoke (0") 182 18.0 152 
80#N + N-Serve Spoke (0") 194 17.9 154 
80#N Spoke (7") 180 18.0 142 
80#N + N-Serve Spoke (7") 181 18.6 152 
ANOV A for row-applied factorial set 
Treatment 
Rep 
N Rate 
N-Serve 
NR*NI 
CV 
Treatment 
Rep 
Method 
N-Serve 
NR*NI 
CV 
G~n Gmm~ 
Bu/A Moisture Ear 
-------------------flR:> J=-------------------
.02 .39 .04 
.63 .85 .06 
.22 .68 .14 
.62 .74 .55 
5% 5% 4% 
,'" ANOV A for application method factorial set 
Grain Gramsl 
Bu/A Moisture Ear 
-------------------flR:> J=-------------------
.31 .12 .27 
.26 .08 .03 
.36 1.00 .85 
.42 .60 .09 
5% 4% 4% 
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Winter Cover Crop Effects on Nitrogen Management of Irrigated Corn 
Richard B. Ferguson, James r. Power, and Glen P. Slater 
Objectives: 
1. To evaluate the effects of winter rye, hairy 
vetch, and a ryelvetch combination on yield 
response of irrigated com. 
2. To monitor the accumulation and move-
ment of nitrate-N as influenced by N rate 
and cover crop. 
3. To evaluate if fertilizer N recommenda-
tions for irrigated com need to be altered 
following winter cover crops. 
Procedure: 
This study, located at the SCREC Re-
search Farm near Clay Center, was initiated 
in 1986. The soil at the site is Butler silt loam 
(fine, montmorillonitic, mesic Abruptic 
Argiaquolls). The site is sprinkler-irrigated 
with towlines. Prior to study initiation in 
1986, the site was disked twice prior to 
planting. From 1987 to 1989, the estab-
lished cover crops were sprayed with 
glyphosate, then deep chiseled and disked 
5-10 days later. In 1990 and 1991, plots 
were ridge-planted following desiccation of 
the cover crops. Pioneer hybrid 3475 seed 
corn has been planted each year of the 
study. Planting dates have been in the first 
or second week,gf May. Herbicides (al-
achlor [Lasso] and cyanazine [Bladex]) 
were applied each year following planting. 
Nitrogen rates have been sidedressed 
as anhydrous ammonia, normally at the 5-6 
leaf stage. Nitrogen was aqplied at rates of 
~9, 160, and 240 kg N ha- , plus an unfer-
tIlized check. Plots have been cultivated 
each year, followed by a ridge forming op-
eration in 1989 and 1990. Winter cover 
crops have been hand-seeded by broad-
casting seed in~ the interrow area at th~ 
rate of 34 kg ha- for hairy vetch, 56 kg ha-
for winter rye, and at half rates of each seed 
for the composite cover crop plots. The 
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study was a randomized, complete block 
design with three replications. Row spacing 
was 0.762 m. Plot size was 12 rows (9.14 
m) wide by 12.2 m long. 
In 1986, cover crops were interseeded 
into standing com following the last cultiva-
tion. In 1987 and subsequent years, cover 
crops have been interseeded later, normally 
in early August. In 1990, because of weed 
pressure, primarily foxtail, seeding of the 
cover crops was delayed until after harvest. 
Glyphosate was applied to the foxtail im-
mediately following harvest, then cover 
crops were seeded in late September. 
Yield was measured each year by hand-har-
vesting four, 3.05 m sections of row from the 
center four rows. 
In 1989, 1990 and 1991, yield and N 
content of the cover crops were evaluated 
in the spring prior to killing the cov~r crop 
chemicallY'2From each plot, two 1 m areas 
(three 1 m areas in 1989) of cover crop 
were harvested and dried to determine 
cover crop dry matter yield. Total N content 
of each cover crop was also determined, 
and from these two measurements N up-
take of the cover crop was calculated. 
Soil samples were collected from each 
plot in the spring to a depth of six ft. Two 
cores were collected, and composited in 
one ft increments for each plot. Samples 
were analyzed for ammonium and nitrate-N 
content. 
Results: 
Corn grain yield results are shown in 
Table 1. Yields were highest in 1986, de-
clining in 1987, 1988 and 1989, then in-
creasing in 1990 and 1991. In 1986, yields 
were not substantially influenced by the 
cover crop. In 1986, the cover crop was 
seeded relatively early, and shading of the 
com canopy killed most of the cover crop by 
com harvest. Consequently, very little of 
the cover crop was present during the spring 
of 1987. In 1988 and 1989, early growth 
and consequently yield may have been sup-
pressed due to moisture use by the cover 
crop prior to planting com. Yield was re-
duced in 1987, 1988 and 1989 due to foxtail 
weed pressure, late planting, and rodent 
damage to seedlings. 
Cover crop effects on com grain yield 
have not been highly significant in any year 
of the study (Table 1). In 1990, there was 
significant effect (10% level) of cover crop 
on yield, with rye and the vetch frye mix 
reducing grain yield. This effect was largely 
due to moisture use by the cover crop prior 
to com planting. In general, yields have 
been suppressed due to factors other than 
the cover crop. 
In 1989 , 1990, and 1991 cover crop 
growth in the spring was adequate to eval-
uate N uptake by the cover crop. The 
amount of cover crop growth in the spring 
was related largely to temperature condi-
tions in the spring, and how long the cover 
crop was allowed to remain growing prior to 
spraying. In most years, including those 
when no quantitative evaluation of cover 
crop yield was made, top growth of rye was 
much greater than that of hairy vetch. Nitro-
gen uptake by vetch was similar to rye in 
1989 (Table 2), since, even though top 
growth was less, forage N content of the 
vetch was greater. In 1990, forage yields 
of all cover crops were less than in 1989 
(Table 2), and forage N contents of cover 
crops were similar. Forage yield of the 
vetch cover crop was significantly less than 
either rye or the vetch/rye mix. Conse-
quently, N uptake by vetch in 1990 was less 
than for rye or the vetch/rye mix. Cover crop 
forage yields increased in 1991 (Table 2), 
with forage yields from rye and the vetch/rye 
mix approximately three times that of the 
vetch yield. Forage N content was also 
greater in the rye and vetch/rye covers than 
in the vetch cover in 1991. Nitrogen uptake 
in the rye and vetch/rye covers was between 
five and six times that of the vetch cover 
crop. 
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Soil profile nitrate-N to a depth of 1.8 m 
is shown in Table 3 and Figures 1-3. The 
winter cover crop did significantly influence 
cumulative profile nitrate-N over 
years(Table 3), with rye and the vetch/rye 
mix (which was primarily rye) significantly 
reducing the amount of nitrate-N left in the 
soil profile prior to planting in the spring. 
Figure 1 illustrate profile nitrate-N from the 
spring following the treatments applied in 
the years, 1988, 1989, and 1990. Figure 2 
illustrates the means values for profile ni-
trate-N averaged over years and N rates. 
Figure 3 illustrates the effects of cover crops 
on profile N at different N rates, averaged 
over the years 1988 - 1990. 
Summary: 
Much of the activity during earty years of 
this study involved learning when and how 
to interseed cover crops into irrigated corn. 
Cover crop establishment in the fall, and 
survival during the winter, was minimal in 
the first 2-3 years of the study. In years 4 
and 5, some general effects of cover crops 
have been observed, but yields of the com 
crop were suppressed. In the sixth year of 
the study, 1991, yields increased from pre-
vious years but were still less than the first 
year. Damage from pests (pocket gophers 
and foxtail) served to reduce yields in latter 
years of the study and increase variability. 
The presence of a cover crop also ap-
peared to reduce yield potential, although 
the effect was significant only in 1990. The 
presence of rye as a cover crop (either rye 
alone or in combination with hairy vetch) 
reduced soil profile nitrate-N levels in most 
years. This may have had a detrimental 
effect on yield. However, a more likely 
factor was the use of soil moisture by the 
cover crop during the early spring. Soil 
nitrate-N levels, even where no fertilize r was 
applied and rye was grown as a cover crop, 
were adequate to support early plant 
growth. 
Conclusion: 
The use of rye as a winter cover crop to 
serve as a sink for residual nitrate-N from 
irrigated, ridge-tilled corn has potential. 
Further evaluation of optimum interseeding 
date in the late summer/early fall is needed, 
as well as methods and rates of interseed-
ing. In most years, the rye cover crop 
should be destroyed earlier than the mid-
April date used in this study to minimize soil 
moisture use by the cover crop in the spri ng. 
Cover crops which could thrive in the fall and 
rapidly take up nitrogen, then winter kill and 
thus use less soil moisture in the spring 
should be investigated. Hairy vetch ap-
pears to have limited potential as a winter 
cover crop for irrigated corn in this area. Fall 
and early spring growth of vetch was limited. 
Vetch did not tolerate shading of the irri-
gated corn crop canopy as well as rye when 
cover crops were interseeded earlier. 
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Table 1. Grain Yield, 1986 • 1991. 
N Rate Grain Yield (Mg/ha) 
Treatment Cover Crop (kg/ha) 1986 1987 1988 1989 1990 1991 
1 None 0 9.44 5.37 7.21 6.15 7.16 6.64 
2 None 80 11.61 7.99 6.95 6.57 7.34 9.34 
3 None 160 11.09 9.50 7.09 5.87 8.03 10.32 
4 None 240 12.49 10.04 5.34 6.30 8.33 10.58 
5 Vetch 0 8.57 3.84 5.88 4.87 5.83 4.58 
6 Vetch 80 11.76 8.78 8.93 5.83 6.80 9.06 
7 Vetch 160 12.07 9.82 6.86 6.59 8.30 10.81 
8 Vetch 240 11.97 10.18 9.12 9.29 8.43 10.14 
9 Rye 0 10.05 4.15 5.12 5.64 5.14 4.88 
10 Rye 80 10.87 8.00 7.31 6.13 6.25 8.55 
11 Rye 160 12.35 9.72 8.20 9.83 8.34 9.88 
11 Rye 240 12.02 9.59 8.45 6.12 8.26 9.95 
13 Vetch/Rye 0 9.18 5.37 5.74 4.23 5.91 4.83 
14 VethclRye 80 10.77 9.01 6.94 6.11 6.59 8.58 
15 Vetch/Rye 160 11.49 9.47 8.04 6.21 7.49 9.33 
16 Vetch/Rye 240 12.64 9.36 7.18 6.89 7.75 9.88 
MeanValues 
0 9.30 4.68 5.93 5.22 6.01 5.23 
80 11.24 8.44 7.52 6.16 6.75 8.88 
160 11.74 9.62 7.53 7.07 8.04 10.08 
240 12.27 9.78 7.51 7.15 8.20 10.14 
NONE 11.15 8.22 6.64 6.22 7.72 9.22 
RYE 11.31 7.86 7.26 6.88 7.00 8.31 
VIR 11.01 8.29 6.96 5.86 6.94 8.16 
VETCH 11.08 8.15 7.64 6.64 7.34 8.65 
C.V.(%) 8.34 14.53 25.1 24.93 10.34 15.39 
PR>F 
REP 0.6405 0.8001 0.1656 0.7702 0.8655 0.6042 
CCROP 0.875 0.8155 0.5711 0.4212 0.054 0.2247 
NRATE 0.0001 0.0001 0.0483 0.0024 0.0001 0.0001 
CC'NR 0.6841 0.3387 0.0808 0.1174 0.0587 0.7044 
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Table 2. Winter cover crop effects on winter cover crop dry matter accumulation, forage 
N, and N uptake, 1989-1991. 
Dry Matter Yield Cover Crop 1989 1990 1991 
(kg/ha) 
Rye 856 485 1101 
Vetch/Rye 991 501 883 
Vetch 492 127 300 
C.V. (%) 25.9 27.74 39.55 
PR>F 0.0001 0.0001 0.0001 
Forage N 
(%) 
Rye 1.99 2.99 2.87 
Vetch/Rye 2.17 2.98 2.85 
Vetch 3.57 3.2 2.16 
C.V.(%) 16.66 12.6 17.24 
PR>F 0.0001 0.3069 0.0006 
N Uptake 
(kg/ha) 
Rye 17 14.5 31.6 
Vetch/Rye 21.5 14.9 25.2 
Vetch 17.6 4.1 6.5 
C.V. (%) 34.39 33.58 43.05 
PR>F 0.1581 0.0001 0.0001 
U· 
Table 3. Winter cover crop effects on residual soil nitrate-N levels, 1989 and 1990. 
Soil N03-N CQ~~r Cmll 1966 1969 1990 M~a[) (Ib/a 6 ft) None 84.9 140.9 109.1 111.6 
Rye 37.5 129 70.5 79 
Vetch/Rye 52.3 107 90 83.1 
Vetch 91.9 134.5 117.2 114.5 
C.V.(%) 99.98 29.7 32.6 57.52 
PR> F 0.1595 0.1629 0.0038 0.0092 
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Figure 1. Soil profile nitrate-N as influenced 
by cover crop, 1988, 1989, and 1990. 
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Figure 2. Soil profile nitrate-N as influenced 
by cover crop, average across N rates and 
years 1988 - 1990. 
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Figure 3. Soil profile nitrate-N as influenced 
by N rate and cover crop, across years 1988-90. 
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Nitrogen Fertilization of Corn Following Soybean 
R. B. Ferguson, R. Selley, and G.P. Slater 
Objective 
The primary objective of this study, con-
ducted from 1988 through 1991, was to 
investigate the response of corn following 
soybean to nitrogen fertilizer, and evaluate 
the current recommendation of reducing fer-
tilizer nitrogen rates by 50 Ib N/acre follow-
ing soybean. 
Procedures 
The study was conducted on irrigated 
farmers' fields in south-central Nebraska. 
Sites were selected to be representative of 
a range of soils in the area, following yields 
of soybean of at least 30 bu/acre. Six nitro-
gen (N) rates were applied: 0, 40, 80, 120, 
160 and 200 Ib N/acre. Treatments were 
applied in a randomized complete block 
design with four replications. At several 
sites fertilizer was applied by the coopera-
tor. This approach was taken to allow the 
cooperator to become more involved in the 
research, as well as to reduce the time 
necessary to transport a research fertilizer 
applicator to the site. The majority of coop-
erators who did apply fertilizer had elec-
tronic monitor and regulation equipment 
which allowed accurate rates to be applied. 
In all cases the cooperator had the assis-
tance of project technicians in laying plots 
out and applying 1~rtilizer. Plots were 8 to 
12 rows wide, depending on application 
equipment width, and normally 300 ft long. 
At sites with limited space, a shorter plot 
length, as little as 150 ft, was used. Alleys 
were cut across replications during the sea-
s~m. Th~ coopera~or harvested grain with 
his combme, and Yield was measured with 
a weigh wagon. Soil samples were col-
lected from the plot area prior to fertilizer 
application to determine soil residual nitrate 
levels, and after harvest to compare resid-
ual nitrate from various N rates. Nitrogen 
was normally applied as preplant anhydrous 
a!11monia, although some sites had ammo-
ma applied as a sidedress treatment. Irri-
gation water samples were collected at least 
once from each site to determine nitrate-N 
content of the irrigation water. Chlorophyll 
readings were taken at some sites during 
anthesis. 
Results and Discussion 
A total of 19 sites were conducted over 
the four-year period. Site characteristics 
are given in Table 1. All soils were either silt 
loam or loam in surface texture. Residual 
soil nitrate levels prior to fertilization were 
generally low, ranging from 23 to 991b N03-
N/acre in four feet. Irrigation water nitrate-N 
concentrations were low except at three 
sites, sites 11, 16, and 17, all in Merrick 
county. A summary of yield information is 
given in Table 2. A significant yield re-
sponse (linear model) to N fertilization was 
observed at only 9 of the 19 sites. At one 
site, site 10, a significant decrease in yield 
was observed with nitrogen application. 
Maximum yields ranged from 97 bu/acre at 
site 2 (limited by available water) to 221 
bu/acre at site 6. Yields without any N fer-
tilizer ranged from 97 bu/acre at site 2 to 196 
bu/acre at site 6. Average yields for all sites 
as well as 1988, 1989 and 1990 are shown 
in Figure 1. Across all site-years, the first 
40 Ib N/acre provided the only significant 
yield increase. 
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One of the main objectives of the study 
was to evaluate the current UNL recommen-
dation of allowing 50 Ib N/acre credit for 
soybean as the preceding crop. Two ap-
proaches to this evaluation are found in 
Table 3. One simplified approach is to eval-
uate treatment N rates and maximum ob-
served yields. YMAX is the observed 
maximum yield at any treatment rate for 
each site. The treatment N rate for YMAX 
is the treatment N rate at which the maxi-
mum yield occurred. The UNL Rec N is the 
UNL recommended N rate for the observed 
YMAX and initial residual nitrate-N, includ-
ing the 50 Ib N/acre soybean credit. The 
Nitro en Fertilization of Corn Followin So bean 
UNLREC is based on the algorithm: N Rate range of accuracy of most fertilizer applica-
= YG*0.9/(1-0.0008*YG)+50-RESN, where tion equipment. 
YG = yield goal in bushels per acre and 
RESN = soil residual nitrate-N in Ib per acre, 
adjusted to 6 ft. The treatment N rate for 
YMAX is the N rate at which YMAX was 
observed. The overall study mean for the 
treatment N rate for YMAX was 109 Ib 
N/acre, while the UNL recommended N rate 
was 110 Ib N/acre - only a 1 Ib per acre 
differential. This approach is overly simplis-
tic, however, because of the discontinuous 
treatment rate steps of 40 Ib N/acre. 
A more correct approach is to develop a 
yield curve in response to fertilizer rate. A 
quadratic model was fit to data from the 15 
sites considered typical. The quadratic re-
gression N for YMAX is the N rate required 
to achieve maximum yield according to the 
quadratic equation. The overall mean for 
the 15 sites was 117 Ib N/acre, or about 7 
Ib N/acre higher than the standard UNL 
recommendation. The last column in Table 
3, the quadratic optimum N rate, is the N rate 
derived from adding nitrogen in 20 Ib/acre 
increments until the yield increase is no 
longer at least one bu/acre. The 20 Ib 
N/acre increment is used here as represen-
tative of the range of accuracy of producer 
NH3 application equipment. This N rate can 
be considered to be the approximate eco-
nomic optimum N rate (the actual economic 
N rate being dependent upon the fertil-
izer/grain price ratio). The study mean op-
timum N rate was 102 Ib N/acre, 
approximately 8 Ib/acre ~ss than the UNL 
recommendation. The R value forthe qua-
dratic model is often relatively low, indicat-
ing that a quadratic model does not 
adequately describe yield response to fertil-
izer N at some sites. Future analysis of data 
will include examination of additional mod-
els, such as the quadratic-plateau model. 
The general conclusion from this data is 
that the current UNL recommendation for 
nitrogen for corn following soybean (allow-
ing credit for both soybean as the preceding 
crop and residual soil nitrate) is very close 
to the optimum N rate - probably within the 
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Table 2. Site yields, 1988-1991 
Fertilizer N Rate (Ib/acre) PROB> F C.V. 
Site Year County Cooperator 0 40 80 120 160 200 VALUE (%) 
Yield (bu/acre (linear) 
1 1988 Fillmore Rousch 122 152 159 164 159 161 0.0001 4.5 
2 1988 Harlan Lueking 97 93 84 90 89 91 NS 9.8 
3 1099 Gosper Knoerzer 166 190 185 172 175 170 0.0128 5.9 
4 1988 Kearney Fritson 159 149 140 132 147 148 NS 6.6 
5 1988 Clay SCREC 116 131 130 146 134 125 NS 16.7 
6 1989 Fillmore Rousch 196 210 219 218 221 215 0.0008 3 
7 1989 Harlan Lueking 185 187 192 190 191 184 NS 3.8 
8 1989 Go~er Knoerzer 185 194 207 194 188 197 NS 8.2 9 1989 Pheps Erickson 150 160 151 152 156 165 NS 10.4 
10 1989 York·· Songster 195 189 171 176 172 162 0.046 7.8 
11 1989 Merrick Krug 192 196 190 195 187 200 NS 5.2 
12 1989 Adams Trausch 143 162 171 160 175 179 0.1824 11.6 
13 1989 Buffalo Shiers 128 133 128 129 129 128 NS 5.4 
14 1990 Clay Hansen 125 143 154 158 165 159 0.0002 5.7 
15 1990 Adams Christiansen 176 200 202 210 202 210 0.0001 3.8 
16 1990 Merrick Krug 167 175 179 182 185 182 0.0732 4.4 
17 1990 Merrick Helgoth 121 118 122 123 121 116 NS 5.7 
18 1990 Phelps Erickson 166 171 172 173 178 168 NS 6.5 
19 1991 Adams Ruhter 158 164 176 180 183 179 0.0011 6.1 
1988 Mean 141 156 154 154 154 151 
1989 Mean 169 176 177 174 176 176 
1990 Mean 156 171 176 180 182 179 
Overall Mean 158 169 170 170 172 170 
Mean values exclude sites 2, 11, 16, and 17 since they are atypical sites. 
Site 2 had limited water, and sites 11, 16, 17 had high N03-N water. 
** Site 10 had a significantly negative yield response to nitrogen. 
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** Site 10 had a significantly negative yield response to nitrogen. 
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Table 3. Comparisons of nitrogen rate determinations, where target yield = YMAX. 
Observed Treatment N UNL Rae N (Ib/a) Quadratic Quadratic Quad Reg 
Site Max Yield (bu/a) Rate for YMAX with S8 credit Re~ession Regression OptimumN (YMAX) (Ibla) & soil N credit N for MAX (Ib/a) R2 (Ibla) 
1 164 120. 117 140. 0..69 137 
2 97 0. 45 
3 190. 40. 137 82 0..18 68 
4 159 0. 10.3 0. 0..0.5 0. 
5 146 120. 85 115 0..13 111 
6 221 160. 160. 132 0..57 132 
7 192 80. 80. 10.0. 0..0.2 73 
8 20.7 80. 121 111 0..0.4 92 
9 165 20.0. 64 20.0. 0..0.5 20.0. 
10. 195 0. 152 0. 0..11 0. 
11 20.0. 20.0. 152 
12 179 20.0. 131 220. 0..27 190. 
13 133 40. 43 69 0..0.0. 0. 
14 165 160. 137 157 0..73 151 
15 210. 120. 143 147 0..70. 139 
16 185 160. 160. 
17 123 120. 94 
18 178 160. 81 119 0..0.8 90. 
19 183 160. 10.4 166 0..47 148 
1988 Mean 165 70. 110. 84 79 
1989 Mean 185 10.9 10.7 119 98 
1990. Mean 184 147 120. 141 127 
Overall Mean 179 10.9 110. 117 10.2 
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Nitrogen Fertilization of Smooth Brome 1989, 1990, 1991 
R.B. Ferguson and G.P. Slater 
Objective: 
To evaluate the long-term effects of ni-
tro~en (N) fertilizer. source, rate, and appli-
cation method on Yield and N use efficiency 
of smooth brome. 
Procedures: 
This study was initiated in 1986 at a site 
located at the USDA Meat Animal Research 
Center, adjacent to the UNL South Central 
Research and Extension Center Clay Cen-
ter. Soil type is a Crete silt loam.' The study 
eyaluates three sources of N (ammonium 
mtrate, urea, and UAN solution) applied at 
rates of 50, 100, and 150 Ib N/acre. Addi-
tionally, UAN solution is applied by three 
methods (broadcast, knife, and surface-
band). Ammonium nitrate and urea are 
b~oa~cast only. Knife and surface-band ap-
phcatlons of UAN are applied on 15 inch 
centers. Treatments have been re-applied 
~~nually to the same plots since 1987. Fer-
tlhzertreatments were applied April 2 1989 
April 12, 1990, and AprilS, 1991.' , 
Results and Discussion: 
Yield, forage N content, and apparent N 
recovery for 1989, 1990, and 1991 are 
shown in Tables 1, 2, and 3. Spring and 
early summer precipitation was consider-
ably bel~w average in 1989, resulting in 
substantially reduced 1989 forage yields 
~Table 1). Although there was a trend for 
Increasing yield with increasing N rate no 
significant yield increase was observed ~ith 
the application of N above 50 Ib/acre. Also 
no ~ignificant effect of N source, or N appli: 
cation method in the case of UAN solution 
was observed on forage yield. There was a 
reduction in forage N content with UAN 
~hen the solution was broadcast or knifed-
In, compared to surface-band application. 
Because of the very low yields, forage N 
content was much greater than in past 
years. In 1987, for example, forage N con-
tent ranged from 1.49 to 1.99% as influ-
enced by N source/application method. In 
1989, fora~e N content ranged from 2.92 to 
~.23% as Influenced by N source/applica-
tion method. 
Apparent N recovery was calculated 
bas~d on yield and N content of the forage 
to give an estimate of how efficiently fertil-
izer N was used. Apparent N recovery was 
calculated as: 
Trmt. N Uptake - Check N Uptake x 100 
Fertilizer N applied 
Apparent N recovery values were quite 
!ow in 1989, ranging from 9.4 to 18.9% as 
Influenced by N source/application method 
with no significant effect of N rate source' 
or application method. Yields in 1'990 and 
1991 were significantly higher than in 1989 
(Tables ~ & ~), primarily due to greater 
stored sOil mOisture and adequate preCipi-
tation between April 1 and June 1. Forage 
yield in 1990 was on average four to five 
!imes greater than comparable treatments 
In 1989. The 1991 yields were 50 to 96% 
greater than 1990 results; possibly due to 
an ~arlier N application date and an early 
pe~od of very warm weather with adequate 
mOisture. Application of N significantly in-
creased forage yield. As in past years 
there was no significant influence of knife 
operation on yield in 1990 or 1991 as 
shown by comparing untreated and knife 
checks. There was a significant reduction 
in forage yield at the highest N rate in 1990. 
This trend was evident across all 
source/method combinations. One possi-
ble reason for yield reduction at the high N 
rate. w~ lodging of plants which occurred 
earlier In the season at the high rate. This 
yield reduction at the 150 Ib/acre N rate did 
not show up during 1989 or 1991. Although 
there was no effect of N source/application 
method on forage yield in 1989 or 1990, the 
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use of knifed-in UAN in 1991 produced 
lower yields in relation to other source/ap-
plication methods (Table 3). This treatment 
had demonstrated a trend toward reduced 
yields in past years. The knifed-in method 
may be disturbing the brome root system 
enough over time to cause a permanent 
reduction in stand quality. 
A trend for the knife check treatment to 
have a higher forage N content has been 
observed in past years, and this effect was 
significant in 1990, with the knife check for-
age N at 1.61 % compared to 1.18% for the 
untreated check. One possible explanation 
is slightly increased mineralization following 
the knife disturbance, resulting in increased 
N uptake and forage N content. The UAN 
knife-in treatment has had a significant neg-
ative effect on forage yield over the course 
of the study (Table 4). Forage N content 
increased with the first two increments of N 
in 1990 and 1991, and there was no signif-
icant effect of N source/application method 
on forage N in both years. 
Apparent N Recovery was quite high in 
1990 (from 40 to over 70%) and highly vari-
able in 1991 (from 22.5 to nearly 80%). The 
high values may very well reflect carryover 
N accumulated during past years (1988 and 
1989) when yields were suppressed due to 
lack of moisture. Although N Recovery 
rates in 1989 and 1990 did not vary signifi-
cantly between source/application meth-
ods, there was some deviation in 1991. 
There was greater N Recovery from plots 
applied ammonium nitrate and urea than 
from plots applied UAN broadcast or UAN 
knifed-in. 
Results in 1989 and 1990 are consistent 
with past years ofthis study, suggesting that 
the optimum N rate is in the vicinity of 100 
Ib N/acre. However, 1991 data seems to 
suggest that the 150 Ib/acre rate can further 
improve yields. Although no trend towards 
one N source being superiorto another was 
noted in 1989 or 1990, 1991 data and over 
years data has revealed that the UAN 
knifed-in treatment may have a detrimental 
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effect on yield over time. Over years data 
also reveals that application of ammonium 
nitrate or urea may result in better yields and 
greater apparent N recovery than any appli-
cation method of UAN solution. 
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Table 1. COm&ariSOn of nitro~en rate, sources, and application methods for smooth 
brome, 1989, lay Center, N 
Forage Yield 
Trt N Rate N Appl. Ib/A@ Apparent 
Ib/A Source Method 12.5% H2O Forage N N Rec. 
1 Check 681 2.01 
2 KN Check 842 2.21 
3 50 AN BR 1074 3.14 
4 100 AN BR 1058 3.28 
5 150 AN BR 675 3.28 
6 50 UREA BR 714 3.00 
7 100 UREA BR 1058 3.29 
8 150 UREA BR 850 3.32 
9 50 UAN BR 814 2.80 
10 100 UAN BR 952 2.91 
11 150 UAN BR 10n 3.04 
12 50 UAN KN 755 2.64 
13 100 UAN KN 694 2.97 
14 150 UAN KN 1314 3.06 
15 50 UAN DR 638 3.08 
16 100 UAN DR 1105 3.03 
17 150 UAN DR 1145 3.21 
LSD (0.05) 471 0.26 
FVALUE 1.49 15.56 
C.V. 36.8 6.3 
Mean Values 
N Rate 50 799 a 2.93 b 14.2 a 
100 973 a 3.10 a 14.0 a 
150 1012 a 3.18 a 10.2 a 
PR>F 0.1575 0.0003 0.495 
C.V. 39.5 6.0 92.6 
N Source AN 936 a 3.23 a 18.9 a 
UREA 874 a 3.20 a 11.9 a 
UAN-BR 948 a 2.92 b 11.6 a 
UAN-DR 962 a 3.10 a 12.2 a 
UAN-KN 921 a 2.89 b 9.4a 
PR>F 0.9812 0.0001 0.3674 
C.V. 39.5 6.0 92.6 
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Table 2. Com8arison of nitro~en rate, sources, and application methods for smooth 
brome, 1990, lay Center, N 
Forage Yield 
Trt N Rate N Appl. Ib/A@ Apparent 
Ib/A Source Method 12.5% H2O Forage N N Rec. 
1 Check 2813 1.18 
2 KN Check 2424 1.61 
3 50 AN SR 5585 1.65 
4 100 AN SR 5460 1.89 
5 150 AN SR 4492 2.11 
6 50 UREA SR 5016 1.13 
7 100 UREA SR 5007 1.75 
8 150 UREA SR 4520 1.85 
9 50 UAN SR 5345 1.33 
10 100 UAN SR 6108 1.68 
11 150 UAN SR 5354 1.95 
12 50 UAN KN 4488 1.17 
13 100 UAN KN 6492 2.31 
14 150 UAN KN 4745 2.06 
15 50 UAN DR 5784 1.51 
16 100 UAN DR 5507 1.58 
17 150 UAN DR 5103 1.89 
LSD (0.05) 1356 0.5 
FVALUE 4.68 3.79 
C.V. 19.4 20.9 
Mean Values 
N Rate 50 5244 ab 1.36 b 70.9 a 
100 5715 a 1.83 a 68.7 a 
150 4843 b 1.97 a 38.9 b 
PR> F 0.0278 0.0001 0.0146 
C.V. 18.9 21.2 62.5 
N Source AN 5179 a 1.88 a 72.0 a 
UREA 4848 a 1.57 a 40.6 a 
UAN-SR 5602 a 1.65 a 60.2 a 
UAN-DR 5464 a 1.66 a 64.2 a 
UAN-KN 5242 a 1.84 a 60.7 a 
PR>F 0.4069 0.1797 0.3409 
C.V. 18.9 21.1 62.5 
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Table 3. com8arison of nitrogen rate, sources, and application methods for smooth 
brome, 1991, lay Center, NE 
Forage Yield 
Trt N Rate N Appl. Ib/A@ Apparent 
Ib/A Source Method 12.5% H2O Forage N N Rec. 
1 Check 4193 1.05 
2 KN Check 6160 1.14 
3 50 AN BR 9695 0.93 
4 100 AN BR 10566 1.41 
5 150 AN BR 9583 1.46 
6 50 UREA BR 9466 1.13 
7 100 UREA BR 9175 1.20 
8 150 UREA BR 10965 1.59 
9 50 UAN BR 7958 0.99 
10 100 UAN BR 8057 1.21 
11 150 UAN BR 9483 1.14 
12 50 UAN KN 5263 1.14 
13 100 UAN KN 6370 1.17 
14 150 UAN KN 8826 1.35 
15 50 UAN DR 8290 1.09 
16 100 UAN DR 8777 1.17 
17 150 UAN DR 8608 1.39 
LSD (0.05) 2247 0.36 
FVALUE 5.36 1.89 
C.V. 19.2 21.0 
Mean Values 
N Rate 50 8135 b 1.06 b 57.8 a 
100 8589 ab 1.23 a 51.4 a 
150 9493 a 1.39 a 50.8 a 
t,/" 
PR>F 0.0417 0.0006 0.8116 
C.V. 19.2 20.6 70.7 
N Source AN 9948 a 1.27 a 73.4 a 
UREA 9868 a 1.31 a 79.0 a 
UAN-BR 8499 a 1.11 a 39.8b 
UAN-DR 8558 a 1.22 a 52.0 ab 
UAN-KN 6821 a 1.22 a 22.5 b 
PR>F 0.0002 0.4261 0.0030 
C.V. 19.2 20.6 70.7 
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Table 4. Comparison of nitrogen rate, sources, and application methods for smooth 
brome, 1987-91, Clay Center, NE 
Forage Yield 
Trt N Rate N Appl. Ib/A@ Apparent 
Ib/A Source Method 12.5% H2O Forage N N Rec. 
1 Check 2452 1.52 
2 KN Check 2619 1.62 
3 50 AN SR 5497 1.89 
4 100 AN SR 5874 2.17 
5 150 AN SR 5045 2.35 
6 50 UREA SR 5286 1.74 
7 100 UREA SR 5878 2.11 
8 150 UREA SR 5660 2.35 
9 50 UAN SR 4500 1.67 
10 100 UAN SR 4861 2.01 
11 150 UAN SR 5179 2.07 
12 50 UAN KN 3131 1.68 
13 100 UAN KN 3897 2.07 
14 150 UAN KN 4955 2.24 
15 50 UAN DR 4637 1.80 
16 100 UAN DR 4981 1.95 
17 150 UAN DR 5159 2.22 
LSD (0.05) 11.73 10.91 
FVALUE 29.5 17.9 
C.V. 
Mean Values 
N Rate 50 4610 b 1.76 c 59.1 a 
100 5098 a 2.06 b 51.6 ab 
150 5200 a 2.25 a 42.2 b 
PR>F 0.0054 0.0001 0.0025 
C.V. 27.5 16.6 67.0 
N Source AN 5472 a 2.14 a 67.9 a 
UREA 5608 a 2.07 ab 64.2 a 
UAN-SR 4847b 1.92 c 42.0 bc 
UAN-DR 4926 b 1.99 bc 49.5b 
UAN-KN 3994c 2.00 bc 31.3 c 
PR>F 0.0001 0.0054 0.0001 
C.V. 27.5 16.6 67.0 
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The Effects of a Urease Inhibitor on Volatile Ammonia Loss and 
Urea Hydrolysis on Irrigated, Ridge Till Corn 
Timothy L. Murphy and Richard B. "Ferguson 
Objectives: 
1. To evaluate the potential for yield reduc-
tion of irrigated corn due to volatile ammonia 
loss from a ridge-till system, as influenced 
by N source, N rate, and placement method. 
2. To investigate the potential for N-(n-butyl) 
thiophosphoric triamide (NBPT), a urease 
inhibitor, to minimize yield reduction due to 
volatile ammonia loss, as influenced by N 
source, N rate, and placement method. 
3. To evaluate the effect of NBPT on urea 
hydrolysis from two N sources. 
Procedure: 
The second year of this study, located in 
Clay county Nebraska, has been com-
pleted. Two nitrogen fertilizer rates (100 
and 200 Ib N/acre) were applied using four 
sources (urea, urea+NBPT, UAN solution, 
and UAN+NBPT solution). All sources 
were applied using two placement methods, 
broadcast (BR) and surface banding (SB). 
UAN and UAN+NBPT were also applied as 
a knifed in (KN) placement method at the 
200 Ib N/acre rate only. Each treatment was 
replicated four times. The soil was a Crete 
silt loam. 
Golden Harvest hybrid 2525 was 
planted on April 27, 1991 at a population of 
27,500 seeds per acre. Hydrolysis rate cyl-
inders were placed in the 200 Ib N/acre, 
broadcast treatments of all four N sources 
on three replications. Fertilizer was applied 
on May 13,1991 and no rain occurred until 
May 16, 1991. The cylinders were removed 
at day two and nine after fertilization. Their 
contents were blended and filtered with 
1500 ml 2M Kcl-PMA solution and then 
shaken for 30 minutes. An aliquot (120 ml) 
of each extract was frozen for later N03-N, 
NH4-N, and urea analysis. Ear leaf 
punches and chlorophyll meter readings 
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were taken at tasseling. Samples of the 
lower stalk were taken 12 days after black 
layer. These samples were analyzed for 
N03-N content. Whole plant samples were 
taken at physiological maturity for total dry 
matter yield and were analyzed for Kjeldahl-
N concentration. The center two rows of 
each plot were machine harvested for grain 
yield on September 30, 1991. 
Results: 
Grain yields were influenced by treat-
ment in 1991 (Table 1). Average yield 
ranged from 111.1 to 197.1 bu/acre. Grain 
yield was limited by N at the lower applica-
tion rate. There were no observed differ-
ences in yield between application methods 
at either N rate. NBPT appeared to have a 
greater effect on grain yield from urea than 
from UAN in 1991, although not significant. 
Dry matter yield and percent leaf N showed 
no differences as influenced by treatment, 
N source, or N rate. 
An effect of NBPT was observed at the 
200 Ib/acre N rate of both the urea+NBPT 
BR and UAN+NBPT KN treatments. 
Urea+NBPT BR yielded considerably better 
than any other treatment. UAN+NBPT KN 
yielded 34.4 bu/acre less than the UAN KN 
treatment. NBPT appears to tie up the ni-
trogen in the soil for too long when 
UAN+NBPT is applied as a knifed in treat-
ment. This was seen in the difference in 
percent leaf N from the KN method versus 
BR and SB methods. Based on this as-
sumption, an incubation experiment will be 
conducted to test this hypothesis. 
Hydrolysis rate measurements were 
taken on days two and nine after fertiliza-
tion. Weather data, prior to and following 
fertilization, is found in Table 2. As ex-
pected, most of the Urea-N had been hydro-
lyzed by day nine from all N sources (Table 
3). Urea+NBPT recorded the greatest total 
The Effects of a Urease Inhibitor 
N recovery of any of the treatments on both 
sample days. UAN+NBPT produced the 
lowest N recovery each day. Day 2 resulted 
in differences in total N recovery from all N 
sources. UAN+NBPT and urea+NBPT 
proved to be the only treatments that were 
different on day nine. NBPT appeared to 
reduce the amount of urea hydrolysis when 
urea was the N source and had little effect 
when UAN was applied. Although this was 
significant, there was a large amount of 
variability in the data. 
This experiment will be continued in 1992. 
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Table 1. Comparison of nitrogen rate, sources, application methods, and the urease in-
hibitor NBPT for irrigated, ridge-till corn, 1991. Clay Center, NE. 
N Appl. Grain Dry Matter 
Trt. Source N rate Method Yield LeafN Yield 
(lb/A) (bu/A) (%) (lb/A) 
1 check 0 none 111.1 2.57 4738 
2 uan 100 sb 150.5 4.38 5176 
3 uan 100 br 146.0 3.93 4546 
4 uan 200 sb 179.2 4.31 5044 
5 uan 200 kn 173.1 3.65 5454 
6 uan 200 br 175.6 4.32 4934 
7 uan+1 100 sb 149.1 4.38 4862 
8 uan+1 100 br 146.0 5.27 5055 
9 uan+1 200 sb 170.4 4.75 4578 
10 uan+1 200 br 171.7 4.79 5342 
11 urea 100 sb 154.8 3.08 5354 
12 urea 100 br 159.3 4.10 5346 
13 urea 200 sb 174.4 4.90 4823 
14 urea 200 br 176.9 3.95 5028 
15 urea+1 100 sb 169.0 4.41 4656 
16 urea+1 100 br 161.7 4.28 4086 
17 urea+1 200 sb 173.9 4.05 4665 
18 urea+1 200 br 197.1 5.35 5541 
19 uan+1 200 kn 138.7 3.06 4591 
Treatment FValue 5.41 1.49 0.78 
Number PR>F 0.0001 0.1303 0.7103 
C.V. 10.2 28.3 17.3 
Mean Values Grain Dry Matter 
Variable Yield Leaf N Yield 
:'/ (bu/A) (%) (lb/A) 
Source1 uan 162.8 a 4.23 a 4925 a 
uan+1 159.3 a 4.80 a 4959 a 
urea 166.3 a 4.01 a 5138a 
urea+1 175.4 a 4.52 a 4737 a 
PR>F 0.1739 0.2975 0.6506 
C.V. 12.8 27.8 17.9 
N Rate1 100 154.5 b 4.23 a 4885 a 
200 177.4 a 4.55 a 4994 a 
PR>F 0.0001 0.2933 0.6236 
C.V. 9.5 27.8 17.9 
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Table 1. cont. 
Mean Values Dry Matter 
Variable Yield Leaf N Yield 
(bu/A) (%) (Ib/A) 
N Rate/Method2 100 sb 155.8 a 4.06 a 5012 a 
100 br 153.2 a 4.39 a 4758 a 
PR>F 0.7874 0.4515 0.3188 
C.V. 17.6 29.1 14.4 
200 sb 174.8 a 4.53 a 4811 a 
200 br 173.7 a 4.56 a 5138 a 
200 kn 155.9 a 3.36 b 5023 a 
PR>F 0.2538 0.5233 0.4374 
C.V. 11.3 28.4 19.8 
~KN treatment was removed from the source and N rate means for comparison 
N Rate/Method at the 200 Ib/A rate is for uan and uan+NBPT only 
Table 2. Weather information for the two week period following fertilization, 1991. Clay 
Center. 
Temperature Wind Relative 
Date High Low Soil Precip. Speed Humidity 
$F $F $F (in) (mi/hr) (%) 
May 12 89 64 73 0.00 10 73 
May 13* 85 55 72 0.00 7 45 
May 14 86 59 E 71 0.00 10 E65 
May 15** 78 60 71 0.00 11 84 
May 16 78 56 66 0.20 8 92 
May 17 74 52 65 0.95 7 89 
May 18 64 53 63 0.00 9 94 
May 19 68 51 61 0.00 8 94 
May20 72 58 64 0.00 8 92 
May 21 83 64 71 0.00 14 86 
May 22** 82 66 72 0.00 14 86 
May23 83 59 72 0.70 6 86 
May24 74 59 68 0.43 6 92 
May25 68 57 65 0.12 5 94 
* fertilized on May 13,1991 
** removed hydrolysis rate cylinders on days 2 and 9 after fertilization 
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Table 3. Comparison of hydrolysis measurements with and without the urease inhibitor 
NBPT applied at a rate of 200 Ib/acre N, two and nine days after fertilization, 1991. Clay 
Center, NE. 
Mean Values 
source1 
E~l::tili~iU N B~QQv~r~g AS Total N 
Day NH4-N N03-N Urea-N Recovery 
(%) (%) (%) (%) 
uan 2 25.7 a 15.2 a 36.1 c 77.0 be 
uan+1 2 18.3 b 10.8 b 31.2 c 60.2c 
urea 2 6.1 c 0.0 c 86.1 b 92.2 b 
urea+1 2 3.3 c 0.0 c 105.1 a 108.4 a 
PR>F 0.0004 0.0001 0.0001 0.0042 
C.V. 23.4 44.6 10.7 10.7 
Source 1 
E~l::tiliz;er N B~QQv~r~g AS Total N 
Day NH4-N N03-N Urea-N Recovery 
(%) (%) (%) (%) 
uan 9 37.1 a 17.3 a 0.5 b 54.9 ab 
uan+1 9 22.8 b 15.1 a 0.6 b 38.5 b 
urea 9 40.7 a 10.4 a 0.7 b 51.8 ab 
urea+1 9 45.9 a 14.8 a 7.2 a 67.8 a 
PR>F 0.0148 0.2177 0.0043 0.0236 
C.V. 16.3 24.6 69.9 15.1 
1 Hydrolysis rate measurements were not taken on the KN treatments 
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Burlington Northern Nitrogen Management Study 
R. B. Ferguson, G.W. Hergert, J.S. Schepers, and G.P. Slater 
Objective: 
Evaluate the effects of nitrogen (N) fer-
tilizer rate, tillage, the nitrification inhibitor 
nitrapyrin, corn hybrid, and fertilizer timing 
on N use efficiency of irrigated corn and the 
accumulation and movement of nitrate-N in 
soil. 
Procedure: 
This study, initiated in 1986, is located at 
the SCREC Research Farm, near Clay Cen-
ter. From 1986 through 1990, the study was 
one component of the Burlington Northern 
Foundation Water Quality Project. Since 
1990, the study has been maintained on a 
scaled-down basis to evaluate long-term 
effects of treatments. Experimental vari-
ables have included; fertiyzer N rate (0, 75, 
150, and 300 kg N ha- as sidedressed 
anhydrous ammonia); tillage (conventional 
chisel/dis~ or no-till); and nitrapyrin (0 or 
0.5 kg ha- ). From 1986 through 1989, corn 
hybrid was an additional variable (Pioneer 
hybrids 3377, 3475 and 3551). From 1990 
on, a single hybrid has been used - Pioneer 
3475 in 1990 and Pioneer 3467 in 1991. 
From 1989 through 1991, sidedress timing 
was added as a variable (early sidedress, 
approximately V4, vs late sidedress, ap-
proximately V8). Soil samples have been 
collected from the Joot zone to a depth of 
1.8 m, with samples collected either prior to 
planting or following harvest, or both in re-
cent years. Soil samples have also been 
collected during the growing season at sev-
eral dates from the fertilizer band to a depth 
of 0.45 m. Both grain and stover yield were 
measured during the first three years of the 
study, with only grain yield measured the 
last three years. 
Results and Discussion: 
Grain Yield 
Results from the first three years (1986-
1989) have been summarized elsewhere 
(SSSAJ 55:875-880, 1991) and will not be 
addressed in detail here. Interactions of 
nitrapyrin and corn hybrid were evaluated 
primarily during this first phase of the study. 
Grain yields for 1986 - 1989 are shown in 
Table 1, with 1989 yields for the late side-
dress N application only, to allow compari-
son against prior years. Grain yields for 
1989 - 1991 are given in Table 2, with 1989 
values averaged across three hybrids (hy-
brids were not continued as a variable after 
1989). Nitrogen application date was 
added as a variable in 1989. One finding 
from the first three years of the study was 
that the use of nitrapyrin with the late side-
dress N application (approximately V8) ap-
peared to delay fertilizer N availability, 
perhaps through a temporary immobiliza-
tion process, resulting in decreased fertilizer 
N recovery when nitrapyrin was used. Plots 
were split in 1989 to add a timing variable, 
in order to evaluate the hypothesis that ear-
lier sidedress application of N with nitrapyrin 
might allow any temporary immobilization to 
occur prior to the period of maximum N 
uptake by the crop. 
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The analysis of variance for grain yield 
in 1989, 1990, and 1991 are given in Table 
3, and yield means which were significant at 
P > 0.1 are given in Table 4. Grain yield was 
significantly reduced with the no-till treat-
ment each year. This may have been par-
tially influenced by plant population, which 
was reduced in the no-till treatment in 1989 
and 1991. In both years, the planter used 
did not penetrate residue well and conse-
quently good seed coverage was not 
achieved. There was also a significant N 
rate by tillage method interaction in all three 
years, with the no-till treatments requiring 
more N to optimize grain yield. This trend 
is illustrated for 1991 in Figure 1. 
Nitrapyrin has had minimal effect on 
grain yield over the three years, although 
nitrapyrin did decrease yield in 1991. There 
have been no significant interactions of 
nitrapyrin with N rate, tillage, or application 
date. Grain yield was increased with ear1y 
sidedressing in 1989 and 1990. However, 
there was no significant interaction of N 
application date and nitrapyrin to support 
the hypothesis that any effects of temporary 
immobilization with nitrapyrin would be min-
imized with ear1y sidedress application. 
Figure 2 shows the interaction of tillage and 
nitrapyrin, averaged over hybrids and N 
rates at the late application date, over the 
course of the study. This figure illustrates 
the trend for reduced yield with no-till in 
several years of the study, and the trend for 
reduced yield with nitrapyrin at the late ap-
plication date. 
There was a significant interaction be-
tween N rate and application date in 1990, 
with more yield response to applied N at the 
ear1y application date. There was also a 
significant N rate by tillage by application 
date interaction in 1990, with greater yield 
response to applied N with the ear1y, no-till 
treatment, compared to the other treat-
ments. 
Soil ammonium and nitrate levels 
Soil samples have been collected during 
the season from the fertilizer band and an-
alyzed for ammonium and nitrate-No Table 
5 contains the analysis of variance data for 
the mid-season band samples from 1990 
and 1991. Samples were collected approx-
imately three and six weeks after each fer-
tilizer application. Cumulative ppm to a 
depth of 0.3 m are shown in Figure 3. There 
have been significant effects of both 
nitrapyrin and application date on ammo-
nium and nitrate-N, but no significant inter-
actions, with the exception of the nitrate-N 
level at the 75 kg N/ha rate, second sam-
pling date, in 1990. Additional analysis of 
this data, comparing ammonium and nitrate 
levels according to time following applica-
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tion, rather than sampling date, is yet to be 
completed. 
Figure 4 illustrates soil profile nitrate-N 
levels, to a depth of 1.8 m, over the course 
of the study. Nitrate-N levels declined from 
an initially high level at the two lower N rates, 
and remained constant or increased at the 
300 kg N/ha rate. The large peak at 54 
months at the 150 and 300 kg N/ha rates is 
not readily explained. These samples were 
collected in the fall of 1989. Samples col-
lected the following spring did not follow an 
over1y wet winter, yet are much lower than 
levels observed in the fall. However, the 
spring 1990 samples are more in line with 
observations during the course ofthe study. 
The possibility exists that samples were in-
correctly handled or analyzed in the fall of 
1989. Figure 5 illustrates the influence of 
tillage method on profile nitrate-N in the fall 
of 1991. This trend is representative of a 
significant N rate by tillage interaction on 
profile nitrate levels observed in recent 
years of the study. Nitrate-N levels are sig-
nificantly lower under no-tillage compared 
to conventional tillage, particularly at the 
higher N rates and at deeper depths in the 
profile. This trend may be indicative of 
greater leaching below the root zone occur-
ring in the no-till treatment. 
Summary 
Data collected in the second phase of 
the study, from 1989 through 1991, provides 
no solid support for the hypothesis that ear-
lier sidedress N application with nitrapyrin 
would minimize any temporary immobiliza-
tion of ammonium N. Grain yield may not 
be the most sensitive variable to this effect. 
During the first three years of the study, total 
crop N recovery, in stover and grain, was 
influenced more by the presence of 
nitrapyrin than was yield. Unfortunately, 
total dry matter yield and N content has not 
been measured the last three years. 
Tillage method has definitely influenced 
grain yield during the last three years of the 
study. No-till appears to be reducing fertil-
Burfin ton Northern Nitro en Mana ement Stud 
izer N use efficiency to some extent, thus 
reducing yield. The influence of plant pop-
ulation on yield and N use efficiency needs 
to be evaluated through further data analy-
sis. 
Further analysis of soil ammonium and 
nitrate-N data is also needed to sort out 
effects of fertilizer timing, rate, tillage 
method, and the use of nitrapyrin. Sum-
mary data to date indicates that nitrate ac-
cumulates significantly in soil once crop 
yield begins to plateau, and that nitrate ac-
cumulations are lower under no-tillage, sug-
gestion greater leaching losses with no-till. 
The study will be continued in its current 
format for 1992. 
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Table 1. Complete listing of corn grain yields from 1986 - 1989. 
----Mg/ha----
1969* Iillag~ Bal~ I:Illbrid t::IilragllDD 1966 1967 1966 
CT 0 P3377 w 10.51 5.19 6.62 6.77 
CT 0 P3377 w/o 10.68 4.59 6.65 5.85 
CT 0 P3475 w 11.21 6.82 5.47 7.27 
CT 0 P3475 w/o 10.52 5.40 5.94 5.96 
CT 0 P3551 w 10.36 5.50 6.35 7.59 
CT 0 P3551 w/o 10.04 4.90 5.41 5.72 
CT 75 P3377 w 11.28 9.20 9.02 10.20 
CT 75 P3377 w/o 12.09 10.07 8.02 10.97 
CT 75 P3475 w 12.45 10.00 9.39 10.65 
CT 75 P3475 w/o 11.31 10.80 8.03 11.51 
CT 75 P3551 w 11.51 9.66 6.67 10.36 
CT 75 P3551 w/o 11.97 10.49 6.78 10.65 
CT 150 P3377 w 11.37 11.29 7.48 11.11 
CT 150 P3377 w/o 11.43 10.92 9.55 11.19 
CT 150 P3475 w 12.11 11.43 8.08 11.04 
CT 150 P3475 w/o 12.03 12.28 10.78 11.71 
CT 150 P3551 w 11.56 11.33 7.69 11.32 
CT 150 P3551 w/o 11.38 11.77 10.69 11.04 
CT 300 P3377 w 11.76 10.72 8.91 11.60 
CT 300 P3377 w/o 11.76 11.21 8.88 11.74 
CT 300 P3475 w 11.11 11.80 8.26 11.60 
CT 300 P3475 w/o 11.35 12.41 8.69 11.71 
CT 300 P3551 w 11.69 11.76 10.78 11.96 
CT 300 P3551 w/o 10.50 13.02 8.84 11.39 
NT 0 P3377 w 11.83 4.40 5.35 4.80 
NT 0 P3377 w/o 11.44 8.26 5.03 4.00 
NT 0 P3475 w 11.49 5.56 4.73 5.17 
NT 0 P3475 w/o 11.39 5.26 4.49 5.11 
NT 0 P3551 w 11.00 7.50 5.21 4.99 
NT 0 P3551 w/o 11.15 4.29 4.51 4.99 
NT 75 P3377 w 11.67 7.25 7.01 8.35 
NT 75 P3377 w/o 11.54 9.49 8.92 8.15 
NT 75 P3475 w 11.38 8.50 6.62 9.34 
NT 75 P3475 w/o 11.49 10.24 8.56 9.36 
NT 75 P3551 w 11.42 8.47 7.23 9.44 
NT 75 P3551 w/o 10.95 10.05 6.75 8.50 
NT 150 P3377 w 11.15 10.40 11.26 10.24 
NT 150 P3377 w/o 11.34 10.28 11.94 11.34 
NT 150 P3475 w 11.80 10.43 11.62 11.20 
NT 150 P3475 w/o 11.59 11.36 6.69 11.45 
NT 150 P3551 w 11.20 10.95 10.35 9.21 
NT 150 P3551 w/o 11.13 8.16 9.35 10.86 
NT 300 P3377 w 11.62 10.53 11.98 10.40 
NT 300 P3377 w/o 10.75 10.43 11.61 10.81 
NT 300 P3475 w 12.04 12.08 12.04 11.12 
NT 300 P3475 w/o 11.42 12.07 10.07 11.64 
NT 300 P3551 w 11.43 11.53 11.29 11.03 
NT 300 P3551 w/o 10.74 11.67 9.50 11.15 
* 1989 means are for late N application timing. 
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Table 2. Complete listing of corn grain yields from 1989-1991. 
NAPPL 
TILLAGE NRATE DATE NITRAPYRIN 1989* 1990 1991 
CT 0 Early w 6.43 6.16 6.44 
CT 0 Early w/o 5.51 5.91 6.05 
CT 0 Late w 7.21 6.07 5.91 
CT 0 Late w/o 5.84 5.54 5.98 
CT 75 Early w 11.15 10.14 10.91 
CT 75 Early w/o 10.94 9.57 10.69 
CT 75 Late w 10.40 9.99 10.82 
CT 75 Late w/o 11.05 9.26 11.25 
CT 150 Early w 11.73 9.87 12.17 
CT 150 Early w/o 11.06 10.36 12.62 
CT 150 Late w 11.16 9.78 11.81 
CT 150 Late w/o 11.31 10.29 12.43 
CT 300 Early w 12.10 10.46 12.20 
CT 300 Early w/o 11.80 9.91 12.51 
CT 300 Late w 11.72 9.60 11.73 
CT 300 Late w/o 11.61 10.12 12.83 
NT 0 Early w 6.00 5.00 5.26 
NT 0 Early w/o 4.66 5.69 4.69 
NT 0 Late w 4.98 5.97 5.08 
NT 0 Late w/o 4.70 4.94 4.78 
NT 75 Early w 8.95 8.95 7.86 
NT 75 Early w/o 9.38 8.89 8.57 
NT 75 Late w 9.04 9.35 8.82 
NT 75 Late w/o 8.67 9.06 8.82 
NT 150 Early w 10.72 9.95 9.97 
NT 150 Early w/o 11.11 10.18 9.93 
NT 150 Late w 10.22 9.19 9.64 
NT 150 Late w/o 11.22 9.28 10.22 
NT 300 Early w 11.07 10.76 11.14 
NT 300 Early w/o 11.25 11.02 11.60 
NT 300 Late w 10.85 9.51 10.70 
NT 300' Late w/o 11.20 9.28 10.90 
* 1989 averaged over three hybrids. 
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Table 3. Analysis of variance for grain yield, 1989-1991. 
PR>F 
Source 1989 1990 1991 
Rep 0.0001 NS 0.0016 
Tillage (T) 0.0001 0.0808 0.0001 
N Rate (NR) 0.0001 0.0057 0.0001 
NR*T 0.0027 0.0744 0.0179 
Njtrapyrin (NP) NS NS 0.0754 
TNP NS NS NS 
NR*NP NS NS NS 
NR*T*NP NS NS NS 
Application Date (AD) 0.0727 0.0183 NS 
TAD NS NS NS 
NR*AD NS 0.0458 NS 
NR*T*AD NS 0.0876 NS 
NP*AD NS NS NS 
T*NP*AD NS NS NS 
NR NP AD NS NS NS 
NR*T*NP AD NS NS NS 
C.V. (%) 10.19 9.23 9.59 
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Table 4. Significant mean values for grain yield, 1989 - 1991 
Yield (Mg/ha) 
Tillage 1~a~ 1~~Q 1~~1 
CT 11.34 9.96 11.84 
NT 10.21 9.63 9.86 
N Rate*Tiliage 
CT 75 10.89 9.75 10.93 
CT 150 11.32 10.08 12.27 
CT 300 11.81 10.03 12.33 
NT 75 9.01 9.07 8.53 
NT 150 10.82 9.66 9.95 
NT 300 11.09 10.15 11.10 
Nitrapyrin W 10.66 
W/OJ 9.86 
I 
Application Date I 
Early I 10.94 10.01 
Late 10.70 9.57 
N Rate * Application Date 
Early 75 9.40 
Early 150 10.10 
Early 300 10.55 
Late 75 9.42 
Late 150 9.65 
Late 300 9.64 
.. 
N Rate * Tillage Appl. Date 
CT Early 75 9.86 
CT Early 150 10.12 
CT Early 300 10.19 
CT Late 75 9.64 
CT Late 150 10.05 
CT Late 300 9.87 
NT Early 75 8.94 
NT Early 150 10.08 
NT Early 300 10.90 
NT Late 75 9.21 
NT Late 150 9.25 
NT Late 300 9.41 
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Table 5. Mid-season fertilizer band soil samples, 1990 and 1991. 
ANOVA of sum of ppm N in 0-6 and 6-12 in depth increments. 
EB~ E 
N Rate Independent Band spl. data 1 Band spl. data 2 Band spl. data 3 
Year (kg/ha) Statistic Variable NH4-N N03-N NH4-N N03-N NH4-N N03-4 
1990 75 PR > F Nitra~rin (NP) 0.0269 0.0706 0.0746 0.003 
Appl ate 0.0089 NS 
NP*Date NS 0.0632 
C.V.(%) 60.4 49.8 79.7 54.4 
150 PR > F Nitrapyrin (NP) NS NS NS NS 
Appl Date (Date) 0.0162 NS 
NP*Date NS NS 
C.V.(%) 95.1 64.4 83.1 75 
300 PR > F Nitrapyrin (NP) NS NS 0.0924 NS 
Appl Date (Date) 0.0018 NS 
NP*Date NS NS 
C.V.(%) 90.6 59.9 53 45.1 
1991 75 PR > F Nitrapyrin (NP) NS NS NS NS 0.0059 NS 
Appl Date (Date) NS NS NS NS 
NP*Date NS NS NS NS 
C.V.(%) 37.3 67.8 88.3 65 33 44.1 
150 PR > F Nitrapyrin (NP) NS NS NS NS NS NS 
Appl Date (Date) 0.01n NS NS 0.0008 
NP*Date NS NS NS NS 
C.V.(%) 108.9 50 70.4 49 58.8 24.8 
300 PR > F Nitrapyrin (NP) NS NS NS 0.0618 NS NS 
Appl Date (Date) NS NS NS NS 
NP*Date NS NS NS NS 
C.V.(%) 32 57.9 71 42.7 56.3 28.3 
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Effect of PB-50 (Penicillium Bilagi) on Phosphorus 
Fertilizer Efficiency for Wheat and Soybeans 
D. H. Sander 
Objective: 
Penicillium bilagi is a fungi which has 
been found by Canadian researchers to 
have an ability to solubilize insoluble soil 
phosphates. The objective of these exper-
Iments were to evaluate the phosphate sol-
ubilizing ability of Penicillium bilaji (PB-SO) 
on the yield of wheat and soybeans grown 
on P deficient soils in southeast Nebraska. 
Materials and Methods: 
A Pawnee sic and a Sharpsburg sicl 
were selected in Lancaster and Nemaha 
county for two experiments with wheat and 
one with soybeans. Soil test for P (B&K No. 
1) was 6.4 ppm on the Sharpsburg soil and 
3.0 ppm on the Pawnee sic. The wheat 
experiment included rates of P application 
of 0, 1S, 30, and 4S Ibs P20s/ac broadcast 
and seed applied with and without PB-SO 
(Penicillium bilaji). The soybean experi-
ment (Pawnee sic) included three rates of 
PB-SO plus a treatment with no PB-SO. 
Rates of applied P were 0 and 30 Ibs 
P20s/ac. Brule wheat was planted in 12-
inch spacings and Resnik soybeans in 30-
inch ,rows. Weeds in the soybean 
experiment were controlled with herbicides. 
Phosphorus fertilizer was broadcast as 0-
44-0 and incorpor~ed by disking. Experi-
mental design was a randomized complete 
block with four replications. Study was sup-
ported by a grant from Farmland Industries, 
Inc. who supplied the PB-SO. 
Results and Discussion: 
Wheat grain yield, straw yield, and early 
plant growth were significantly increased by 
applied P on both soils (Table 1 ,2 and 3). 
Wheat grain yields were more than doubled, 
straw yields were near1y tripled, and early 
~Iant growth was increased by over 4.S 
times by the highest rate of P application on 
the Pawnee soil (3 ppm B&K No. 1 soil test 
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for P). Applied P increased yield parame-
ters on the Sharpsburg soil, but grain and 
straw yields were much lower than on the 
Pawnee soil. While soil available P was 
obviously deficient for wheat yield on both 
soils, PB-50 did not affect any of the yield 
parameters measured at either location. 
While ear1y growth and straw yields were 
sig~ificantly higherwith seed application es-
pecially on the low P Pawnee soil, grain 
yield was not similarly increased even 
though there were very great visual differ-
ences, especially early on the Pawnee soil 
favoring seed application over broadcast. 
On the Pawnee soil, seed application in-
creased straw yield by 2S% compared to 
only 9% for grain yield. Previous research 
with methods of P application on similar 
soils has shown seed application to be 
much superior to broadcast p, The Sharps-
burg soil in Nemaha county received below 
normal rainfall in both the fall and spring 
which resulted in low wheat yields which 
may have influenced results. Disease may 
also have been a factor at both locations. 
Soybean yield was not affected by either 
PB-S,O or applied P (Table 4). A very dry 
growing season caused soybeans to be 
very short and low yielding. Previous re-
search with applied P on soybeans on sim-
ilar soils would indicate that grain yield 
should have been increased by several 
bushels per acre. 
While Penicillium bilagi did not appearto 
have any effect on wheat or soybean yields 
in these experiments, it should be noted that 
the solubilizing ability of this fungus has 
been primarily found in calcareous soils 
where insoluble calcium phosphates pre-
dominate. The soils in these experiments 
were acid with a pH of S.8 and S.1 for the 
Sharpsburg and Pawnee soils, respectively. 
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Table 1. Effect of PB-50, method and rate of P application on wheat yield. 
Lancaster County. Bob Mortenson Farm. 1991. 
Grain Straw Early 
PB-50 Method Prate Yield Yield Plant wt. 
Ibs P20S bu/ac Ibs/ac g/2 ft of row 
No Broadcast 0 15 2074 8 
No " 15 33 4049 18 
No " 30 37 4484 22 
No " 45 48 6950 37 
No Seed 0 22 2640 17 
No " 15 37 5091 32 
No " 30 45 6187 67 
No " 45 44 7555 65 
Yes Broadcast 0 20 2652 7 
Yes " 15 33 3922 14 
Yes " 30 43 5213 25 
Yes " 45 43 5725 35 
Yes Seed 0 21 2587 12 
Yes " 15 40 5184 49 
Yes " 30 40 7106 63 
Yes " 45 45 7639 68 
Broadcast 45 4384 21 
Seed 37 5498 47 
PB-50 35 5003 33 
w/o PB-50 35 4879 34 
0 20 2488 11 
15 36 4561 27 
30 41 5747 44 
45 45 6967 51 
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Table 2. Effect of PB-SO, method and rate of P application on wheat yield. 
Nemaha County, Doug Boelstorff farm. 1991. 
Grain Straw Ear1y 
PB-50 Method PRate Yield Yield Plant Wt. 
Ib P20slac bu/ac Ibs/ac g/2 ft of row 
No Broadcast 0 22 3640 12 
No " 15 24 3123 20 
No " 30 26 3675 24 
No " 45 28 4379 36 
No Seed 0 22 3553 14 
No " 15 23 3750 33 
No " 30 27 4037 47 
No " 45 26 3759 50 
Yes Broadcast 0 23 3403 11 
Yes " 15 23 3413 18 
Yes " 30 20 3276 25 
Yes " 45 28 3973 37 
Yes Seed 0 23 3973 23 
Yes " 15 23 3738 43 
Yes " 30 28 3875 56 
Yes " 45 29 4371 56 
Broadcast 24 3599 22 
Seed 25 3827 40 
PB-50 24 3688 33 
w/o PB-50 25 3740 30 
0 22 3531 15 
15 23 3506 28 
30 25 3716 38 
45 28 4130 45 
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Table 3. Analysis of variance for wheat yield parameters for Lancaster and Nemaha 
County. PB-50 experiments. 1991. 
Grain Straw Early Plant 
Source Yield Yield wt. 
Lancaster County (Pawnee sic) 
Pr> F 
Method (M) .25 .40 .02 
PB-50 (PB) .88 .01 .74 
PRate (R) .01 .01 .01 
Linear .01 .01 .01 
Quad .01 .14 .11 
M*PB .39 .36 .41 
M*R .71 .29 .01 
PB* R .90 .38 .81 
M * PB * R .48 .69 .42 
Nemaha County (Sharpsburg sicl) 
M .41 .13 .05 
PB .22 .58 .22 
R .01 .01 .01 
Linear .01 .01 .01 
Quad .57 .12 .22 
M* PB .01 .11 .23 
MxR .26 .30 .04 
PB* R .57 .66 .99 
M * PB * R .69 .38 .87 
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Table 4. Effect of PB-50 and P rate on soybean yield. 
Lancaster County. 1991. 
PB-50 Rate 
o 
o 
1 
1 
2 
2 
3 
3 
PRate 
Ibs P20s/ac bu/ac 
o 
30 
o 
30 
o 
30 
o 
30 
1 There are no significant differences in yield for 
any treatment. 
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22 
19 
21 
22 
18 
21 
21 
22 
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Fertilizer P Distribution in Bands and Wheat Yield 
D. H. Sander 
Objective: 
To evaluate the effect of fertilizer P dis-
tribution in the band on wheat yield and P 
uptake. 
Procedures: 
One experimental location was selected 
on a low available P (3 ppm B&K No.1) 
Pawnee cl in Lancaster county. Liquid P 
fertilizer (ammonium polyphosphate, 10-34-
0) was diluted to form water: 10-34-0 ratios 
of 0:1, 1:1, and 2:1. Phosphorus fertilizer 
was applied at rates of 0, 4.5, 8.0, 11.6, 
15.1, and 18.7 Ibs P/ac. These rates pro-
vided a fertilizer droplet spacing ranging 
from 3.0 inches apart in the band to a con-
tinuous band when applied in bands spaced 
12 inches apart. Fertilizer bands were 
knifed-in the soil with ammonia to provide 
90 Ibs Nlac to a depth of 6 inches. Brule 
wheat ~as seeded in 12 inch rows. An area 
of 50 ft was harvested for grain and straw 
yields. Small plant weights and head count 
numbers were obtained from two feet of 
row. Experimental design was a complete 
randomized block with four replications. 
Results and Discussion: 
Results indicate applied P more than 
doubled grain and"straw yields, increased 
early plant weight and P uptake by over 8 
times and number of heads at harvest by . 
three times with the high P rate of 21 Ibs 
P/ac. Diluting P fertilizer with water in-
creased grain yield, straw yield and number 
of heads at harvest. Dilution had no effect 
on early plant weights but tended to de-
crease plant P concentration and therefore 
P uptake. It is not known why early plant P 
uptake was decreased especially when the 
number of heads at harvest were increased 
by fertilizer dilution. 
It was apparent that applied P greatly 
affected wheat growth on this low P soil. 
Straw yields were especially increased due 
to abnormally high spring precipitation and 
high temperatures which resulted in a har-
vest which was about 14 days early. High 
temperatures during grain fill may have pre-
vented grain yields commensurate with high 
straw yields. 
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Table 1. P rate and dilution effects on wheat yield, tillering and early plant weight 
(jointing) on a Pawnee cl. 
Grain Straw 
Early Early 
Plant P Heads at 
Prate Yield Yield wt. Uptake Harvest 
Ibs P/ac bu/A Ibslac g/2 ft row mg/2 ft no per 2 ft 
of row 
0 18 2184 50 16 56 
5 30a2 3633a 214a 49a 107a 
9 34b 4284b 273b 70a 126bc 
13 42c 5376c 355c 108b 149bd 
17 42c 5490c 401c 116b 150bd 
21 42c 5804c 455d 139c 160d 
Rate effect ** * ** ** ** 
Dilution 1 
0:1 2439a 5253a 340a 106a 121a 
1 :1 2575a 5480ab 334a 100ab 142b 
2:1 2629a 5795c 343a 86b 152c 
Dilution (linear) + * NS ** ** 
1 Water:10-34-0 dilution 
2 Means followed by the same letter are non-significant at the 5% level; **, *, + denotes 
significance in analysis of variance of 1, 5, and 10% levels of probability. 
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Long Term Effects of Different Methods of Applying P on Crop Yields 
D.H.SanderandM.A.Zerkoune 
Objective: Soil samples were taken to a depth of 8 
inches in the spring of 1992 from each 
to determine the effect of different meth- broadcast P plot. 
ods of applying P on the yield of crops in 
farmer rotation. 
Procedures: 
Two locations were selected on low 
available P soils on farmer land--one in 
1988 on a Wymore sicl in Saline County 
(Jim Karl farm) and one on a Sharpsburg 
sicl in Nemaha County (Lester McKnight 
farm) in 1990. Bray and Kurtz No.1 avail-
able P was 8 ppm on the Wymore soil and 
3 ppm on the Sharpsburg soil. The first 
experiment on the Wymore soil included 
four rates of P (9, 18, 27, and 36 Ibs P/ac) 
applied broadcast, with the seed and knifed 
together with ammonia (100 Ibs N/A) in 15-
inch spacings. Phosphorus source was 
ammonium polyphosphate (10-34-0). 
Phosphorus rates were applied in 1988, 
289, and 90 and winter wheat (Brule) 
seeded each year in 12-inch rows with a 
John Deere hoe drill. Drought prevented 
any meaningful harvest in 1989 and was 
inadvertently harvested by the farmer in 
1990. Therefore yields in 1991 represent 
the only results available after three years 
of application. 
The second experiment on Sharpsburg 
soil was established in the fall of 1990 with 
winter wheat (Brule). The experiment is 
designed for a six year period with P treat-
ments similar to the first experiment except 
that four additional P treatments were 
added as a one-time application of 54,107, 
160, and 214 Ibs P/ac. These treatments 
provide for a comparison of equal yearly 
applied P rates after 6 years of application. 
Phosphorus fertilizer P source was 10-34-0 
except the one-time P application was 0-44-
O. Nitrogen rates were balanced so all plots 
received same amount of N. 
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Results and Discussion: 
Wheat grain and straw yields and total P 
uptake in Saline County were increased 
with P application in 1991 (Table 1). Re-
sults followed applying P in 1988, 89, and 
90. While applying P increased yields, 
method of application had no significant ef-
fect on any of the yield parameters mea-
sured. It did appear in previous years that 
early growth was visually increased with the 
banding methods. 
In the long term P experiment estab-
lished in 1990 in Nemaha County, grain 
yield was increased with applied P (Table 
2). However, method of application did not 
affect yield. These results are very surpris-
ing in that previous research has shown a 
consistent superiority of band methods, 
both knife and seed application, over broad-
cast, especially when soil P availability is 
low. Past research results would suggest 
that either seed or knife application should 
triple yield response to applied P on a soil 
with only 3 ppm available soil P. It is not 
known why method of P application had no 
effect on wheat yield in these experiments. 
Soil test P in the spring of 1992 on all 
broadcast plots showed that application of 
fertilizer P increased available P in the soil 
from about 6 ppm where 10 Ibs P/ac was 
applied to 37 ppm where 2141bs of P/ac was 
applied (Fig. 1). This soil would require 160 
Ibs P/ac (368 Ibs P20slac) to bring the soil 
test level to 25 ppm--the level required 
where no yield response to applied P is 
generally found for wheat. 
Table 1. Effect of three years of P application with different methods of P application in 
wheat yield. Saline County, 1991. 
Method and Grain 
Rate Yield 
Ibs P/ac bu/ac 
0 27 
Broadcast 
9 30 
18 33 
27 34 
36 ~ 
Mean 34 
Soil 
9 30 
18 32 
27 32 
36 3a 
Mean 32 
Knife 
9 30 
18 33 
27 29 
36 ~ 
Mean 32 
LSD 6.1 
Method (M) NS 
Rate (R) .06 
R*M NS 
1 Check plots removed from ANOV. 
Straw 
Yield 
Ibs/ac 
4196 
4965 
5607 
5409 
~ 
5018 
5342 
5456 
5052 
~ 
5314 
5076 
5461 
4883 
55ZQ 
5247 
968 
Analysis of Variance 1 
NS 
NS 
NS 
100 
Total P 
Uptake 
9.6 
10.5 
11.7 
11.5 
12.:.a 
11.2 
10.3 
10.1 
12.3 
1M 
10.9 
9.7 
11.0 
10.3 
1M 
10.9 
2.2 
NS 
.09 
NS 
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Table 2. Effect of method and rate of P application on wheat grain yield. Namaha 
County, 1991. 
Method and Yi~lg 
Prate Grain Stover Total 
Ibs P/ac bu/ac Ibs/ac 
0 27 5028 5354 
Broadcast (each year) 
9 28 4497 6192 
18 25 3734 5258 
27 31 4481 6372 
36 JQ. ~ 6444 
Mean 29 4341 6066 
Seed (each year) 
9 31 4568 6444 
18 28 4265 5952 
27 29 4089 5821 
36 2I ~ ~ 
Mean 32 4550 6022 
Knife (each year) 
9 31 4146 6647 
18 32 4768 6671 
27 35 4413 6442 
36 za ~ 2QU 
Mean 32 4550 6456 
Broadcast (once) 
54 31 4146 5581 
107 28 4263 5940 
160 31 4526 6396 
214 II ~ ~ 
Mean 32 4437 6234 
LSD 8.1 859 1075 
Analysis of Variance 
Method (M) NS NS NS 
Rate (R) NS NS NS 
M*R NS NS NS 
1 Check plots removed from ANOV. 
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LONG TERM P STUDY, 1990-1996 
INITIAL SOIL P - SPRING 1992 
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Fig. 1. Effect of applying fertilizer P in the fall of 1990 on soil test 
P in a Sharpsburg sic1 in the spring of 1992. Nemaha County, 
Lester McKnight Farm. 
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Effect of Residual Phosphorus Bands on Crop Yield and 
Their Persistence in the Soil 
M.A. Zerkoune, C.A. Shapiro and D.H. Sander 
Objectives: 
1.To determine the residual value of undis-
turbed P fertilizer bands over a 4-year pe-
riod. 
2.To develop strategies to evaluate such 
bands for fertilizer recommendation adjust-
ment. 
Procedures: 
Two term experimental sites were se-
lected in 1988 on the following soils: a 
Nora-Crofton sicl in Knox County growing 
continuous corn for three years and oats for 
the 1991 season, and an eroded Sharps-
burg sicl in Lancaster County growing con-
tinuous wheat. Soils were selected for low 
P availability according to the Bray & Kurtz 
No. 1 soil test (Nora-Crofton = 7 ppm; 
Sharpsburg = 8 ppm). 
Treatments were established to provide 
an evaluation of residual P after being ap-
plied 1,2,3 and 4 years. Five P rates were 
applied (O, 10, 20, 30, and 40 kg P/ha on the 
Nora-Crofton soil and 0, 7.5, 15, 22.5 and 
30 kg P/ha on the Sharpsburg soil) as am-
monium polyphosphate (10-15-0, N-P-K) 
with four replications. The 1991 data repre-
sents wheat yield on the Sharpsburg soil 
(after applying P in 1988 only, 1988 and 
1989, 1988, 1989 and 1990, 1989 and 
1990, 1990 only, and 1989 only) and oat 
yield on the Nora-Crofton soil (followed a 
single P application in 1988, 1989, 1990, 
and 1991 ; two year cumulative applications 
in 1988 and 1989, in 1989 and 1990, and in 
1990 and 1991; three year cumulative ap-
plications in 1988, 1989 and 1990, in 1989, 
1990 and 1991; and four year cumulative 
applications in 1988, 1989, 1990, 1991). 
Phosphorus fertilizer was knifed into the soil 
to a depth of about 10 cm in 38 cm spacings. 
Ammonia w~ applied to provide a total of 
100 kg N ha- on the wheat and 120 kg N 
ha-1 on the oats in 1991. Tillage was limited 
to disking on the Sharpsburg soil. The oat 
experiment on the Nora-Crofton soil was 
no-till. Weeds were controlled by herbi-
cides. Yield results in 1991 represented the 
fourth and final y'ear for the experiment in 
Nora-Crofton SOil and the third year for the 
experiment on the Sharpsburg soil. After 
harvest, 8 cores to the depth of 8 inches 
were composited from each plot from the 
Nora-Crofton soil and analyzed for NaHC03 
extractable P. 
Results and Discussion 
Grain Yield 
Wheat grain yield was very low in 1991 
on the Sharpsburg soil for several reasons. 
Soil moisture was generally low early in the 
growing season limiting growth and effec-
tive tiller formation. Precipitation received 
about 14 days prior to maturity resulted in a 
severe infestation of buckwheat which to-
gether with disease factors reduced test 
weight to half of normal. In spite of poor 
growing conditions, grain yield was in-
creased linearly with a~plication of phos-
phorus from 68y kg ha- with no app~ied P 
to 1252 kg ha- when 30 kg P ha- was 
applied (Table 1). 
While variation was too great to show 
that rate of application significantly affected 
the residual nature of the P bands applied 
over the three year period, there appears to 
be a trend for rate to increase yield more 
when applied in 1988 only compared to 
applying P in 1990 or in 1990 and previous 
years. It is apparent th~t the high applica-
tion rate of 30 kg P ha- resulted in higher 
yield in 1988 and 1989 than the lower rates 
of P application. The carryover of residual 
P from previous years had no significant 
effect of increasing yield over current year 
applications (88-89 vs. 89; 88-89-90 vs. 90; 
89-90 vs. 90). 
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Oats grown on the Nora-Crofton soil re-
sponded very little to the application of P. 
Since there was little effect of applied P, it 
was not possible to show any residual ef-
fects of previously applied bands (Table 2). 
P Uptake 
Grain P uptake was incre~sed byap-
plied P linearly from 3.5 kg ha- wh!;n no P 
was applied to a high of 6.2 kg ha - when 
30 kg P ha- was applied for three years 
(Table 3). Grain P uptake results were sim-
ilar to grain yield except that the residual 
effect of applying P in all three years (1988-
89-90) was significantly higher than when 
applied in 1990 only showing Significant 
effects of previously applied bands. How-
ever, applying P in 1989 and 1990 was not 
different than applying in 1990 only. There-
fore while the effects of previously applied 
bands was not great, bands applied three 
years previous (1988) did appear to influ-
ence P uptake in the grain although grain 
yields were not affected. 
The rate of applied P increased linearly 
Oat P total uptake on the Nora-Crofton soil 
(Table 4). However, residual P bands had 
little effect on total P uptake except when 
multi-year lands that included 1991 were 
compared to P applied in 1988 or 1989 only. 
Oat P concentration was more sensitive 
to P availability as influenced by the time 
and number of bands in the soil than either 
oats yields or P uptake (Table 5). While P 
rate significantly increased P concentration, 
the effect of P rate was different depending 
on when and how often the P was applied. 
Phosphorus concentration was increased 
very little when P was applied in 1988, 1989, 
1990, or in 1991. When P bands were 
applied in more than one year, P rate in-
creased P concentration especially when P 
was applied all four years at the 40 kg Prate. 
Soil P Analysis 
Soil P analysis at the end of the 1991 
growing season indicates relatively little ef-
-
fect of rates of application on soil available 
P when applied in anyone year. This is 
probably the result of a low probability of 
sampling the residual P band. However, as 
more bands are placed in the soil, soil avail-
able P increased especially with higher 
rates of application. Soil test P was rela-
tively low in relation to the rates of applica-
tion indicating a low probability of sampling 
the residual bands. 
Sampling the P band indicates the soil 
affected area has not changed appreciably 
in size over time on the Nora-Crofton soil 
(Fig. 1 and 2). Band size is relatively small 
being about 2 inches in diameter (40 kg 
P/ha). While the 1988, 89 and 90 bands 
were present in 1991 with 20 kg P/ha, 40 kg 
P/ha increased the available P in the band 
greatly. The 40 kg/ha band applied in 1988 
appears to have been mixed in the soil with 
cultivation since plots were no-till except for 
cultivation. Soil analysis indicates available 
P in the band area is very nearly the same 
with 40 kg P/ha regardless of when the band 
was applied. This indicates that P bands 
applied over several years can have a sig-
nificant impact on P fertilizer requirements 
and that such bands can increase soil test 
P variability influencing soil test predictabil-
ity. 
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Table 2. Effect of deep banding of fertilizer P over four year period 1988-91 on oat 
grain and stover yield on the Nora-Crofton soil. 1991. 
Grain 
Rate of P ~lication kg ha-1 Stover Year of P 
application 10 20 30 40 ean 10 20 30 40 Mean 
kg ha-1 
1988 3760 3826 4066 3930 3896 4069 3990 4087 4171 4081 
1989 3874 3757 3727 4027 3846 4184 4239 3944 4352 4181 
1990 4230 3748 3921 3789 3822 4728 4044 4702 4286 4440 
1991 4188 4014 3740 3524 3866 4755 4593 3936 3727 4253 
1988-89 4200 4025 3676 4086 3997 4325 4426 3997 5018 4442 
1988-89-90 3982 3496 4196 4166 3960 4520 3902 4832 4487 4436 
1988-89-90-91 3805 3507 3391 3960 3666 354 4231 4269 4829 4421 
1989-90-91 3569 4092 3833 4203 3924 4159 4424 4681 4777 4510 
1990-91 4438 4222 3717 4046 4106 5062 4686 4122 4663 4633 
Mean 4005 3854 3807 3970 4462 4283 4285 4479 
NoP 3716 3873 
Source of Variation Analysis of Variance 
---- Prob > F ----
Grain SloYe.r 
Rate 0.41 0.37 
Year of Application 0.69 0.30 
Year of Application*Rate 0.79 0.28 
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Table 3. Residual effect of deep banding of P on wheat total P uptake as influenced by 
different P rates applied in different years on Sharpsburg soil. 1991. 
Grain P Uptake 
Year of P Application 
Prate 1988 1989 1990 1988-89 1989-90 1988-89-90 
kg ha-1 
o 
--------------------------------- kg ha -1 --------------------------------
7.5 
15. 
22.5 
30. 
Year means 
1988 
1989 
1990 
1988-89 
1989-90 
Source of 
Variation 
Rate (R) 
Lin 
Quad 
3.3 
3.1 
3.3 
4.6 
3.6 
Year application (y) 
RxY 
3.5 
4.5 4.6 3.2 4.3 6.0 
3.8 4.6 4.5 5.7 5.3 
3.6 5.4 6.2 5.7 5.7 
5.6 5.6 4.8 7.4 7.4 
4.4 5.1 4.7 5.8 6.1 
LSD comparison for year of application 
NS * 
NS 
* 
NS 
NS 
* 
* 
NS 
NS 
Analysis of Variance 
Prob > F 
.06 
.01 
.68 
.01 
.83 
* 
* 
* 
* 
NS 
*Significant at 10% level. NS - not significant. 
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Mean 
4.3 
4.5 
5.0 
5.9 
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Table 4. Residual effect of deep banding of fertilizer P on total uptake on Nora-
Crofton Soil. 1991. 
Year of Application 
PRate 1988 1989 1990 1991 1988- 1988- 1989- 1990- 1988- Mean 
89 89-90 90-91 91 89-90 
91 
------------------------------------- kg ha -1 --------------------------------------
0 16.1 
10 1S.3 16.2 19.4 19.3 17.3 18.6 16.4 19.7 17.9 17.8 
20 1S.8 1S.7 16.4 17.8 17.3 1S.8 20.2 18.4 1S.6 17.2 
30 18.3 1S.6 18.2 16.4 16.6 20.2 19.8 18.3 18.6 18.2 
40 20.0 18.1 16.4 19.4 20.7 20.1 20.4 21.1 20.0 19.2 
17.4 16.4 17.6 18.2 18.0 18.7 19.2 19.4 18.0 
LSD comparison for year of application 
1988 NS NS NS NS NS * * NS 
1989 NS NS NS NS * * * 
1990 NS NS NS NS NS NS 
1991 NS NS NS NS NS 
1988-89 NS NS NS NS 
1988-89-90 NS NS NS 
1989-90-91 NS NS 
1990-91 NS 
Source of Variation Analysis of Variance 
Prob> F 
Rate (R) .OS 
Lin .03 
Quad .12 
Year of Application (Y) .19 
Y*R .48 
* = Significant at 10% level. NS = not significant. 
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Table 5. Effect of year and rate of P application on P availability as extracted 
by NaHC03 in 1991. 
Year of Application 
Rate 1988 1989 1990 1991 1988- 1988- 1989- 1990- 1988-89 
89 89-90 90-91 91 90-91 
kg ha-1 
_______________________________________ rng kg -1 _______________________________________ 
0 
10 4.1 
20 5.0 
30 4.4 
40 4.3 
Year Means 4.4 
1988 
1989 
1990 
1991 
1988-89 
1988-89-90 
1989-90-91 
1990-91 
Source of Variation 
Rate (R) 
Lin 
Quad 
Year of Application (Y) 
R*Y 
5.0 5.6 
4.2 4.6 
4.5 5.9 
4.1 4.6 
4.4 5.2 
NS * 
* 
4.5 4.6 5.6 5.1 
6.9 4.6 3.9 5.1 
4.5 5.3 5.6 5.6 
4.6 6.7 7.0 8.7 
5.1 5.3 5.8 6.1 
LSD comparison for year of application 
* 
* 
NS 
* * * 
* * * 
NS NS NS 
NS NS NS 
NS 
NS 
Analysis of Variance 
Prob> F 
.01 
.01 
.06 
.01 
.01 
* = significant at 10% level. NS = not significant. 
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5.0 6.3 
7.9 5.7 
5.8 7.4 
7.7 14.3 
6.6 8.4 
* * 
* * 
* * 
* * 
NS * 
NS * 
NS * 
* 
Mean 
3.9 
5.1 
5.3 
5.4 
6.9 
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Fig. 1 The effect of year of P application on soil test P (mg/kg) in the band 
area of Nora-Crofton sic1 under continuous corn from 1988 through 1990 
and oats in 1991. 
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Fig. 2 The effect of year of P application on soil test P (mg/kg) in the band 
area of Nora-Crofton sic1 under continuous corn from 1988 through 1990 
and oats in 1991. 
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Increasin Anh drous Ammonia Efficienc on Irri ated Corn 
Increasing Anhydrous Ammonia Efficiency on 
lrrigated Corn in Nebraska 
M. Marake, D.H. Sander and D.T. Walters 
Objectives: 
1) To determine the effect of rate and spac-
ing of anhydrous ammonia (AA) bands on 
irrigated com yield. 
2) To characterize the nitrification pro-
cesses 
a) nitrification of N in the AA band as af-
fected by concentration of applied N. 
b) the effects of soil water and soil temper-
ature on the nitrification processes in the 
band. 
3) To evaluate com root distribution in the 
AA band zone. 
4) To compare AA and NH4N03 with re-
spect to N03 and NH4 movement in the 
profile. 
Materials and Methods: 
Experiments were conducted at three 
locations in Nebraska in 1991. One was 
located at the Agricultural Research and 
development Center at Mead, Nebraska on 
a Sharpsburg silty clay loam. The other two 
sites reported here were both located in 
Dodge county, N~braska on loamy fine 
sand in the Platte river valley near Morse 
Bluff and a Clay loam soil north of the town 
of North Bend. The treatments were repli-
cated four times in a randomized complete 
block design. 
The treatments were as follows: 
1) 4 ~ rates (50,100,150 and 200 Ibs N 
acre - ) of anhydrous ammonia (AA) and 
NH4N03 (AN) N sources. 
2) Knife spacing (KS): 3 intervals (15, 30, 
and 60 inches). Nitrogen was applied either 
as AN (broadcast) or AA at 15 inches (6 
knives), 30 inch (3 knives) and 60 inch (2 
knives) intervals. Cultural operations at the 
on farm site were performed by the cooper-
ating farmer except for N treatments which 
were applied prior to emergence with an N 
applicator calibrated at each knife outlet. 
Equivalent N concentrations were deter-
mined on the basis of knife spacing output 
at a given rate (table 1). 
The soil samples were taken down to 15 
inches depth at 3 inch intervals and at alter-
nate depth in the sampling grid (fig. 1). 
Samples were taken with a 0.75 inch diam-
eter hand probe guided by a steel template 
with 13 sampling slots one inch apart. 
1 2 3 4 5 6 7 8 9 10 11 12 13 
Fig. 1. Sampling pattern for soil NH4-N and 
N03-N during the growing season. The 
horizontal axis is the sampling position with 
respect to the center of the AA band at 
position 7. The vertical axis is the depth 
interval from 0 inch to 15 inch at 3 inch 
increments (coded as 1, 2, 3, 4, and 5). "x" 
represents the sample point in the sam-
pling grid. 
In 1990, soil samples were taken two 
times during the growing season at approx-
imately 45 days intervals and analyzed for 
NH4-N and N03-N concentrations. In 1991, 
three samples were taken at approximately 
25 days intervals between 3-leaf and silk 
stage. Two rows were combine harvested 
for grain yield and a 10ft row length har-
vested for stover yield. 
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Results and Discussion 
Grain Yield 
Table 2 shows the analysis of variance for 
grain yield at three locations in 1991. 
Grain yield response to N rate was not 
influenced by knife spacing at a given N rate 
(Table 2). However, there were significant 
main effects for knife spacing and N rate in 
which the 15 inch spacing tended to pro-
duce higher corn yield especially compared 
to the 60 inch spacing. In the sandy soil at 
Morse Bluff, the 30 inch had significantly 
better performance than the 60 inch knife 
spacing (Table 3). 
Grain yield response to N rate showed a 
quadratic trend across all knife spacing in-
terval and N sources (Fig. 2) with maximum 
grain yield respqnse reached between 150 
and 200 kg ha- . N source affected grain 
yield in two locations. At North Bend ammo-
nium nitrate was superior to a~ydrous am-
monia except at the 200 kg ha- N rate while 
AA performed better across all rates at 
Mead (data not shown). 
Soil NH4-N and N03-N 
Preliminary results for the 1990 growing 
season will be presented here. However, 
the fall soil data analysis is not included. 
Table 4 shows an analysis of variance for 
NH4-N and N03-N in the band zone at 
Merrick and Saunders county locations. 
The treatment factor represents the rate 
by knife spacing combination outlined in 
table 1. The persistence of the AA band 
was affected by treatment and time interac-
tion in both locations. A significant interac-
tion shows that NH4-N and N03-N 
concentrations differences observed at the 
3-leaf stage are generally disappearing by 
the silk stage (Table 5). The single degree 
of freedom contrasts are comparing 15 ver-
sus 30 inch and 30 vs 60 inch knife spacing 
at each N rate between 50 and 200 Ibs N 
per acre on the basis of equivalent concen-
trations (Table 1). 
-
Merrick County 
Figure 3 and 4 compare the 15 and 30 
inch spacing performance at the 100 Ibs N 
rate (Table 1) for both NH4-N and N03-N 
over time. Similarly, fig. 3 and 5 provide a 
relative comparison of the 15 and 30 inch 
knife spacing at 200 Ibs per acre N rate. N 
concentrations in the band at 3-leaf stage 
were approximately two times greater when 
100 Ibs of N was injected at the 30 inch 
compared to the 15 inch knife spacing 
(Table 5). At 200 Ibs N per acre and 30 inch 
knife spacing, the highest NH4-N contour 
was at least two times as broad as the 
equivalent contour in the 15 inch spacing. 
Notably, at both the 100 and 200 Ibs N rate, 
the differences observed at 3-leaf stage did 
not persist to the silk stage. Similar results 
were observe when the 30 and 60 inch 
spacing were compared at the 50, 100 and 
200 Ibs N rate respectively (Fig. 3 vs 4, Fig. 
4 vs 6 and Fig. 6 vs 5). Similar trends with 
significant concentration differences at 3-
leaf disappearing by the silk stage were 
observed in the clay loam soil at Saunders 
county (table 5). The contour plots for these 
data are not shown. 
We hypothesized that increasing the 
knife spacing from 15 to 60 inches would 
result in much higher concentration in the 
bands at a given N rate. The center of the 
AA band would consequently depress mi-
crobial activity due to high pH creating a 
sterile zone maintaining a high concentra-
tion of NH4-N (Non mobile N form) and 
preclude leaching losses. The deep N sam-
ples taken in the fall will help us determine 
the extend of N movement in the profile. 
However, the preliminary analysis of the 
data do not seem to support our experimen-
tal hypothesis as evidenced by low persis-
tence of the AA band from the 3-leaf to the 
silk stage. The persistence of the AA band 
is also affected by plant uptake and/or N 
movement out of the root zone. Root 
growth into the AA band will later be used to 
evaluate the uptake perturbation of the AA 
band. Our hypothesis regarding a microbi-
ally sterile band zone would also suggest 
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that the pH level of the band would influence 
early root growth into the AA band and 
hence influence N transformation and up-
take. 
It is apparent that the samplinQ interval 
was too long to detect some interim differ-
ences in the band concentration. In the 
spring of 1991, three samples were take at 
approximately 25 days intervals. The re-
sults are being processed and in light of 
those data we shall consider increasing the 
sampling frequency and decreasing the 
sampling time interval. 
Table. 1. Equivalent N concentrations as a function of knife 
spacing and N rate. 
Rate (kg ha-1) 
50 
100 
150 
200 
15 
8(1 ) 
17(2) 
25(3) 
33(4) 
Knife spacing (inches) 
30 
17(2) 
33(4) 
50(7) 
67(8) 
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45 
25(3) 
50(7) 
75(11 ) 
100(12) 
60 
33(4) 
67(8) 
100(12) 
133(16) 
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Table 2. Analysis of variance for grain yield at Saunders (Mead), 
Dodge (Morse Bluff and North Bend) County. 1991. 
Source Of Mead Morse Bluff 
Pr> F 
Rate 4 .01 .01 
Lin 1 .01 .01 
Quad 1 .02 .20 
KS 2 .32 .04 
15v30 1 .32 .05 
30v60 1 .61 .02 
Rate*KS 6 .39 .29 
Source 1 .10 .55 
Source*Rate 3 .43 .38 
*KS = Knife spacing 
Grain yield average and range in the three locations was as follows: 
Location Mean (bu/a) 
Mead 92 
North Bend 126 
Morse Bluff 137 
Minimum 
37 
47 
42 
Maximum 
140 
189 
221 
North Bend 
.01 
.01 
.04 
.09 
.17 
.40 
.57 
.65 
.13 
Table 3. Main effect knife spacing means (bushels per acre) at Mead, Morse Bluff 
and North Bend. 1991. 
Location 
Mead 
Morse Bluff 
North Bend 
15 
104 
141 
144 
30 
98 
160 
134 
116 
60 
95 
138 
128 
Table 4. Analysis of variance for NH4-N and N03-N concentrations 
in the band zones at Merrick and Saunders county. 1990. 
Merrick Co. Saunders Co. 
Source Of NOa-N 
---------------------------- flr :> f= ---------------------------
Treatment 7 .01 .01 .01 .01 
Time 1 .01 .01 .01 .01 
Treatment 7 .01 .01 .01 .01 
Single df Contrasts 
(1v2)*Time 1 .89 .94 .99 .56 
(2v4)*Time 1 .07 .03 .45 .71 
(3v7)*Time 1 .16 .46 .11 .03 
(4v8)*Time 1 .01 .57 .01 .12 
(7v12)*Time 1 .01 .65 
(8v12)*Time 1 .12 .14 
(8v16)*Time 1 .01 .12 
Table 5. Treatment by time interaction means for NH4-N and N03-N 
concentrations in the band zone averaged over positions. Merrick 
and Saunders county locations. 1990. 
Merrick County 
3-leaf Silk 
TRT Rate K. space NH4-N N03-N NH4-N N03-N 
(Ib/a) (inches) ppmN 
1 50 15 8.29 6.42 3.87 0.56 
2 100 
" 
9.05 6.57 3.73 0.55 
3 150 
" 
22.00 11.66 3.30 0.92 
4 200 
" 
20.78 12.29 3.78 1.69 
7 150 30 31.26 13.06 3.45 0.76 
8 200 
" 
40.42 13.03 3.84 1.22 
11 150 45 40.39 17.15 4.88 1.70 
16 200 60 60.19 17.75 3.75 2.65 
Saunders County 
1 50 15 4.89 11.11 5.61 1.34 
2 100 
" 
6.60 13.95 7.24 0.61 
3 150 
" 
8.47 19.48 6.13 1.02 
4 200 
" 
12.88 18.40 6.61 2.76 
7 150 30 23.07 33.05 6.12 1.32 
8 200 
" 
38.64 31.07 6.60 5.73 
11 150 45 27.25 34.14 6.63 1.38 
16 200 60 54.76 36.94 6.36 2.42 
117 
~ 
I 
160 
ctS 140 
::l 
..0 
... 
-C 120 
-Q) 
--
>- 100 c 
--ctS 
~ 
CJ 80 
6 
D 
• 
.. 
.. 
.. 
.. , 
.. 
NORTH BEND 
MEAD 
MORSE BLUFF 
.'" / 
/ 
.. 
. '
.. --
.' 
." 
.... [:}....... D 
.. 
.... 
• 
... " 
- -
-
--' 
--'"11 
D 
.•.................... 
...... 
60 ~----~----~~----~----~ 
o 50 100 150 200 
N Rate, Ibs a-1 
Fig. 2. Main effects of N rate on grain yield at Saunders Co. (Mead) 
and Dodge Co. (Morse Bluff and North Bend) 1991. 
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Effect of Nitro en Rates and P Placement Methods 
Effect of Nitrogen Rates and P Placement Methods on Corn Grain 
Production on a High Calcareous Rainfed Soil in Northeast Nebraska 
Investigator: Charles A. Shapiro 
Justification: 
Continuous dryland com is a common 
cropping practice in northeast Nebraska. 
Producer questions revolve around timing 
and rate of nitrogen and placement of phos-
phorus. Producers have generally seen the 
value of starter P applications. They are 
interested in determining if deep banding of 
P has advantages over starter P applica-
tions under rainfed conditions. 
Objectives: 
1 . Determine the effect of preplant vs. side-
dress nitrogen applications. 
2.Determine the effect of N rate. 
3. Determine the effect of starter P and 
preplant P application. 
Procedures: 
Since 1987 an experiment has been 
conducted on a Crofton-Nora silt loam at the 
Northeast Center. The experiment is a 
Randomized Complete Block in four repli-
cations. The experiment is situated be-
tween two terraces on an eroded hillside. 
The soil is typical of many dryland fields in 
northeast Nebraska. Initial soil tests indi-
cated very low soil P and the No P control 
shows very low soil P levels. 
The field has had no pre plant tillage 
since 1985. Fertilizer treatments are ap-
plied, the crop planted, and weed control is 
through a combination of chemicals and 
cultivation. 
Results: 
Yield data for the years 1987-1991 are 
included in Table 1. Yields have been low 
since 1988 due to moisture limitations. For 
the five year averages there was both a 
P & N response compared to the N & P 
controls. No differences were found be-
tween preplant and sidedress N applica-
tions (Table 1). Soil analysis indicates that 
P applications have built the soil to increas-
ingly higher levels (Table 2) but the 34 Ibs 
P20S annual rates has not built the soil to 
the medium soil test level yet. 
Discussion: 
Since the data is variable and yields are 
low, it is difficult to reach definitive conclu-
sions. However, the data indicate that cli-
mate and soil resource are determining 
yield levels to a greater extent than the 
fertility program. The dual placement 
seems to have an overall yield enhance-
ment, however it is unknown why the higher 
P rate yielded less than the lower knifed P 
rate. There is no broadcast P application to 
compare to the starter or knifed P. 
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Table 1. Effect of nitrogen rate and timing and P placement on corn yields. 
Treatments 1987 1988 1989 1990 1991 
------------------------------------tlu/a----------------------------------
1 PP5O+ + ~arter 
(50-34-0) 85.1 53.4 62.8 70.4 67.6 67.9 
2 PP 100 + Starter 
(100-34-0) 90.0 63.0 58.0 68.0 62.9 68.4 
3 SD50 + Starter 
(50-34-0) 92.4 61.5 57.6 74.9 61.9 69.7 
4 SD100 + Starter 
(100-34-0) 97.5 49.6 62.2 55.0 57.3 64.3 
5 Dual P-
(100-34-0) 105.4 56.3 70.8 80.7 74.5 77.5 
6 Dual P-
(100-68-0) 91.0 64.6 53.8 78.6 67.4 71.1 
7 Starter only 
(10-34-0) 63.7 43.2 62.9 68.0 68.8 61.3 
8 N only 
(100-0-0) 80.1 43.7 52.0 49.3 56.6 56.3 
CV(%) 15.5 11.1 14.0 18.9 27.4 
TRT (Protl.>F) 0.017 <0.001 0.10 0.02 NS 
May to Sept Rainfall 
(inches) 14.4 11.7 11.5 13.7 19.1 
+PP is preplant; SO is sidedress. 
thesis anr total nutrients applied as N-P20S-K20 in Itls per acre. 
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Table 2. Effect of nitrogen rate and timing and P placement on soil P values. 
Total 
nutrients -------1989 {Fall)------- -----1992 (Spring)----
Treatments applied B & K#1 Olsen P B & K#1 Olsen 
P 
----------------------------ppm-----------------------------
1 PP50+ + Starter 50-34-0 4.7 4.6 10.7 8.2 
2 PP100 + Starter 100-34-0 10.4 8.8 11.6 6.4 
3 S050 + Starter 50-34-0 2.1 5.2 13.9 12.7 
4 SD100 + Starter 100-34-0 7.7 9.1 13.3 7.4 
5 Dual P-Low 100-34-0 5.1 4.9 10.3 5.6 
6 Dual P- High 100-68-0 9.6 10.0 29.8 17.7 
7 Starter alone 10-34-0 9.0 11.6 16.1 10.1 
8 N alone 100-0-0 2.5 2.3 5.2 2.45 
CV{%) 61.9 60.8 71.7 96.4 
TRT 0.04 0.07 0.09 0.28 
+PP is preplant; SO is sidedress 
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Tillage, Rotation and N Rate Effects on Oryland Corn Production and 
Nitrogen Uptake in Northeastern Nebraska 
D. T. Walters and C.A. Shapiro 
Objectives: row on October 10, 1991. Soybeans were 
combine harvested on October 2. 
1. To determine the effects of tillage on corn 
yield when grown in rotation with soybeans 
or continuously with or without a hairy vetch 
cover crop. 
2. To determine the effect of rotation and 
cover crop on the status of soil nitrate-N 
under different tillage regimes. 
Procedures: 
Three corn crop sequences: continuous 
corn (CC), corn-soybean (CB) and continu-
ous corn with a hairy vetch (Vicia villosa) 
cover crop (CCV) were established in 1985 
under three tillage systems: spring disk 
(OK), spring plow (MP) and no-till (NT) atthe 
Northeast Research and Extension Center, 
Concord, NE. Five N rates (0, 40, 80, 120 
and 160 kg N/ha) within each tillage x crop-
ping system were applied annually (1985-
88 and 1991) to corn as broadcast NH4N03 
prior to tillage in the spring. Nitrogen fertil-
izer has not been applied to soybeans. This 
experiment was deSigned as a spit-split plot 
RCB with tillage as the main plots (100' x 
210'), rotations as the sub-plots (100' x 35'), 
and N rates as the sub-sub plots (20' x 35'). 
Soil type is a Kennebec silt loam (Cumulic 
hapludoll). 
Nitrogen fertilizer was not applied in 
1989 or 1990 as residual fertilizer N03-N 
concentrations had built up to levels ex-
ceeding 250 kg N/ha due to drought condi-
tions. Corn )Pioneer 3475, 11 Od RM) was 
planted on May 23, 1991 at 44,000 plantlha 
in 0.75m rows. "Force" was applied to all 
corn for rootworm control. Century soy-
beans were planted on May 24, 1991. 
Weeds were chemically controlled on all 
plots with the addition of a cultivation in the 
OK and MP treatments on June 11, 1991. 
Corn grain was hand harvested from 12m of 
Hairy vetch was broadcast into standing 
corn at a rate of 25 kg seed/ha on August 
28, 1990 and a fair stand of vetch resulted 
that fall. Vetch dry matter production was 
evaluated prior to tillage operations by tak-
ing a 100 point intersect count in each plot 
and multiplying the c2unt by dry matter har-
vested from five 1 ft areas in each tillage 
block. Residual soil N03-N was determined 
to a 1.5 m depth by sampling each tillage x 
rotation plot in 30 cm increments in the 0,80 
and 160 kg N/ha treatments. Gravimetric 
soil water content was also determined 
within each tillage/rotation treatment at the 
time of soil N03-N sampling. 
Results: 
Growing season precipitation was 
above normal in 1991 owing to a very wet 
June. PreCipitation amounts for the months 
of July and August, however, were only 40 
% of normal (") and grain yield averaged 5.5 
Mg/ha (103 bu/acre). Soil water content 
was not affected by previous crop. A trend 
continued from spring 1990 in that soil water 
content was significantly lower under MP 
below the top 30 cm when compared to OK 
(30-90 cm) or NT (90-150 cm) (Fig. 1). 
Hairy vetch dry matter production and N 
content in above ground dry matter was very 
low under all tillage treatments as measured 
in the spring of 1991 (Table 1). It has been 
our experience that vetch does not grow 
well when the winter has been mild and soil 
conditions are wet. In 1991, above normal 
precipitation during March, April and early 
May resulted in conditions less than desire-
able for spring vetch regrowth. Over the 
course of this experiment, the vetch has 
produced as much as 1.3 Mg/ha (1989) but 
only when spring soil conditions were dry. 
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Nitrogen content in above ground dry matter ment, have not been affected by tillage or 
. only averaged 2 kg/ha. previous N rate. 
Residual soil N03-N (RSN) concentra-
tions were significantly reduced by both ro-
tation with soybean and tillage treatment 
(Figure 2). RSN was lowest following soy-
bean (BC) treatment. Rotations CB and BC 
in Figure 2 have received 1 and 3 cycles of 
N application vs 4 for CC and CCV rotations. 
Significantly lower RSN under NT has re-
sulted from RSN utilization in 1989 and 
1990 relative to the OK and MP systems. 
These data suggest that RSN is a significant 
N source for corn under NT in dryland con-
ditions if N fertilization is withheld as in 
1989-1990. Also, as rotation of corn with 
soybean results if less N loading over time, 
there is less probability of ground water 
N03-N contamination than with continuous 
com. As we have experienced in the past, 
90% of the RSN in the top 1.5 m of soil 
resides in the upper 90 cm indicating very 
little leaching load over the past 4 years. 
The soil profile has yet to be completely 
recharged with water since the drought of 
1988-89. 
Corn grain yields were an average of 
10% g reater following soybean and as there 
were no differences in grain N concentra-
tion, grain N removal was also significantly 
greater in the CB rotation. These trends 
were consistent across tillage treatments. 
Crop response to N fertilization rate aver-
aged 0.52 Mg/ha (10 bu/acre) up to an 
application rate of 80 kg N/ha. At higher N 
rates yield was depressed under MP and 
OK owing to the elevated RSN in these 
tillage systems from the previous years N 
application. Stover yield followed similar 
trends in that at higher N rates, under MP 
and OK tillage systems, stover production 
declined when N rate exceeded 80 kg N/ha. 
Overall, population and yield of grain under 
MP were lower than OK or NT. This is per-
haps due to stress associated with lower 
spring soil water supply and less than nor-
mal July and August precipitation. Soybean 
yields averaged 37 bu/acre and, as has 
been the case since the start of the experi-
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Table 1. Vetch yield and N content, CCV plots, spring 1991. Concord, NE. 
Cover 
Aboveground 
dry matter N N Content 
% kg/ha % kg/ha 
Tillage 
Disk 15.2 64 3.26 2.2 
Sp. Plow 14.4 57 2.08 1.7 
No-till 20.4 72 3.05 2.2 
N rate (kg/ha)· 
0 17.0 74 3.21 2.3 
40 15.3 43 3.09 1.3 
80 14.0 62 3.03 1.9 
120 20.0 86 3.05 2.8 
160 17.0 57 3.27 1.9 
Source 
Analysis of Variance 
----------------------------- Prob :> f= -------------------------------
Tillage NS NS NS NS 
N Rate NS NS NS NS 
Till x NR NS NS NS NS 
*N rate last applied in Spring 1988. 
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Table 2. Analysis of variance for selected variables, tillage x rotation x N rate. Concord, NE, 1991. 
Source df 
Tillage 2 
NTvs REST 1 
OK vs MP 1 
Rotation 2 
CBvs REST 1 
CCvsCCV 1 
Till x Rot 4 
(NTvsREST)x(CBvsREST) 1 
x(CCvsCCV) 1 
N Rate 
(OKvsMP)x(CBvsREST) 1 
NRLin 
NR Quad 
x(CCvsCCV) 1 
4 
1 
1 
Till x NR 8 
1 
1 
1 
1 
8 
1 
1 
1 
1 
(NTvsREST) x (N Lin) 
x(N Quad) 
(OKvsMP)x(N lin) 
x(N Quad) 
RotxNR 
(CBvsREST)x(N Lin) 
x(N Quad) 
(CCvsCCV)x(N Lin) 
x(N Quad) 
Till x Rot x NR 
NS = Not significant at P 0.10. 
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Grain 
Yield 
Grain 
%N 
Grain N Popu-
removal latlOn 
Stover 
yield 
Stover 
%N 
Stover N Barren 
removal stalks 
GIS 
Ratio 
Soybean 
yield 
0.10 0.005 NS 0.08 NS NS NS NS NS NS 
NS 0.003 NS NS NS NS NS 0.09 NS NS 
0.10 0.05 NS 0.06 NS NS NS NS NS NS 
0.02 NS 0.007 NS 0.04 0.002 0.002 NS NS 
0.009 NS 0.002 NS 0.01 0.001 0.001 0.07 NS 
NS NS NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS NS 0.02 
NS NS NS NS 0.06 0.02 NS NS 0.008 
NS NS NS NS NS NS NS NS NS 
NS 0.09 NS NS NS NS 0.07 NS 0.03 
NS NS NS NS NS NS NS NS NS 
0.01 0.001 0.001 NS 0.03 0.001 0.001 NS NS 
0.03 0.001 0.001 0.09 0.008 0.001 0.001 NS 0.07 
0.01 NS 0.007 NS 0.07 NS NS NS NS 
NS 0.001 0.05 NS NS NS NS NS NS 
0.01 0.001 0.002 NS 0.02 NS 0.08 NS NS 
NS NS NS NS NS NS NS NS NS 
NS NS NS 0.07 NS NS NS NS NS 
NS NS NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS NS NS 
NS 0.001 NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS 0.06 NS 
NS NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS NS NS 
0.10 NS 0.05 NS NS NS NS NS NS 
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Table 3. Main effect and 2-way interaction means for corn grain yield, N content, 
N removal, population and soybean yield, 1991. 
Com grain Grain N Popu- Soybean 
Source yield· N removal lation yield 
Mglha(bu/a) % kglha 1000/ha 
Tillage 
Disk 5.56(105) 1.69 94 44.2 2.19(37) 
Sp. Plow 5.22( 98) 1.75 91 41.6 2.10(36) 
No-till 5.67(107) 1.62 92 44.3 2.23(38) 
Rotation 
Corn/Soy (CB) 5.84(110) 1.70 99 43.5 
Cont. Corn (CC) 5.47(102) 1.67 90 42.9 
Cont. Corn wI) 5.20( 98) 1.68 87 43.8 
vetch (CCV 
N-rate (kg/ha) 
0 5.19( 98) 1.62 84 42.4 
40 5.48(103) 1.64 90 42.8 
80 5.71 (108) 1.70 97 43.9 
120 5.51 (104) 1.72 94 43.8 
160 5.52(104) 1.75 96 43.9 
Till x N-rate 
Disk 0 5.51 (104) 1.62 89 45.6 
40 5.61 (106) 1.65 92 42.8 
80 5.75(108) 1.71 98 44.2 
120 5.44(103) 1.72 94 45.3 
160 5.48(103) 1.72 94 43.1 
Plow 0 4.89( 92) 1.73 84 39.3 
40 5.32(100) 1.69 90 40.7 
80 5.48(103) 1.76 95 42.7 
120 5.21 (98) 1.78 92 43.4 
160 5.18( 98) 1.78 92 42.0 
No-till 0 5.15( 97) 1.49 78 42.4 
40 5.52(104) 1.58 87 44.9 
80 5.91 (111) 1.63 96 45.0 
120 5.88(111 ) 1.64 96 42.8 
160 5.91 (111) 1.74 103 46.7 
Till x Rotation 
Disk CB 5.97(113) 1.72 102 44.4 
CC 5.33(100) . 1.67 89 43.2 
CCV 5.38(101) 1.67 90 45.0 
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Table 3. Main effect and 2-way interaction means for corn grain yield, N content, 
N removal, population and soybean yield, 1991. (Continued) 
Com grain Grain N Popu- Soybean 
Source yield· N removal lation yield 
Mglha(bu/a) % kglha 1000lha 
Sp.Plow CB 5.60(106) 1.73 96 41.3 
CC 5.17( 98) 1.75 90 42.1 
CCV 4.88( 92) 1.76 86 41.4 
No-till CB 5.95(112) 1.67 99 44.7 
CC 5.74(108) 1.57 91 43.5 
CCV 5.33(100) 1.61 86 44.9 
Rotation x N rate 
CB 0 5.62(106) 1.68 93 42.3 
40 5.71 (108) 1.68 95 42.4 
80 6.05(114) 1.70 102 44.6 
120 5.78(108) 1.75 101 42.9 
160 6.04(114) 1.72 104 44.9 
CC 0 5.14( 97) 1.58 82 42.4 
40 5.52(104) 1.62 89 41.9 
80 5.60(106) 1.68 94 43.3 
120 5.61 (106) 1.69 94 43.5 
160 5.20( 98) 1.96 91 43.6 
CCV 0 4.79( 90) 1.59 76 42.5 
40 5.22( 98) 1.64 86 44.1 
80 5.50(104) 1.72 94 43.9 
120 5.14( 97) 1.71 88 45.2 
160 5.33(101) 1.76 93 43.3 
*Grain yield as Mg/ha is for dry matter yield, bu/A adjusted to 15.5% moisture for corn 
and 13% for soybeans. 
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Table 4. Main effect and 2-way interaction means for stover yield, N control, stover N 
removal, barren stalks and grain to stover ratio. Concord 1991. 
Stover Stover Stover N Barren Grain/Stover 
Yield N Removal Stalks Ratio 
Mg/ha % kg/ha % 
Tillage 
Disk 3.21 0.76 25 1 1.77 
Sp. Plow 2.99 0.76 23 2 1.79 
No-till 3.25 0.70 23 3 1.81 
Rotation 
Corn/Soy (CB) 3.39 0.78 27 0 1.79 
Cont. Com (CC) 3.07 0.70 22 2 1.80 
Cont. Corn w/ 2.99 0.74 22 4 1.78 
Vetch (CCV) 
N rate (kg/ha) 
0 2.86 0.64 19 3 1.88 
40 3.17 0.68 22 1 1.76 
80 3.22 0.75 24 1 1.84 
120 3.24 0.79 26 1 1.73 
160 3.27 0.85 28 4 1.72 
Till x N rate 
Disk 0 3.17 0.66 21 1 1.81 
40 3.21 0.70 23 0 1.79 
80 3.33 0.78 26 3 1.75 
120 3.10 0.82 25 4 1.76 
160 3.25 0.85 28 0 1.73 
Plow 0 2.59 0.67 17 4 1.94 
40 3.16 0.71 23 1 1.72 
80 3.15 0.77 24 0 1.77 
120 3.02 0.77 24 0 1.77 
160 3.02 0.89 27 6 1.74 
No-till 0 2.82 0.60 17 2 1.88 
40 3.14 0.64 21 5 1.81 
80 3.19 0.69 22 1 1.98 
120 3.58 0.77 28 0 1.67 
160 3.51 0.80 28 6 1.71 
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Table 4. (Continued) 
Stover Stover Stover N Barren Grain/Stover 
Yield N Removal Stalks Ratio 
Mg/ha % kg/ha % 
Till x Rotation 
Disk CB 3.41 0.78 26 0 1.80 
CC 3.14 0.75 24 1 1.73 
CCV 3.08 0.76 24 3 1.78 
Plow CB 3.52 0.80 28 1 1.63 
CC 2.77 0.71 20 3 1.89 
CCV 2.66 o.n 21 1 1.86 
No-till CB 3.24 0.78 26 0 1.95 
CC 3.28 0.63 22 3 1.79 
CCV 3.22 0.68 23 7 1.69 
Rotation x N rate 
CB 0 3.12 0.71 22 5 1.90 
40 3.37 0.73 25 0 1.74 
80 3.44 0.78 26 0 1.91 
120 3.49 0.86 30 0 1.67 
160 3.56 0.85 31 2 1.74 
CC 0 2.74 0.61 17 0 1.94 
40 3.23 0.67 22 0 1.75 
80 3.15 0.70 22 3 1.79 
120 3.10 0.72 22 3 1.83 
160 3.14 0.81 25 7 1.68 
CCV 0 2.72 0.61 17 3 1.79 
40 2.91 0.65 20 5 1.84 
80 3.08 0.76 24 2 1.81 
120 3.13 0.78 25 6 1.70 
160 3.09 0.88 27 3 1.76 
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CONCORD, NE Spring, 1991 
SOIL WATER CONTENT, kg kg-1 
o 0.1 0.2 0.3 
o ~------r-------~------__ --_ 
TILLAGE 
.-. DISK 
0-0 PLOW 
0.5 0-0 NO-TILL 
MP vs REST P=.03 
MP vs REST P=.02 
1.0 
MP vs NT P=.09 
1.5 ~ __ ~ ___ ....L... ___ ..L.--...I 
Figure 1. Gravimetric soil water content, spring, 1991 with statistically significant single 
degree of freedom contrasts for the tillage main effect. 
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Figure 2. Residual soil N~·N to a depth of 1.5 m, spring 1991. 
Source df Analysis of Variance 
-Prob> F--
~ 2 NS 
NT vs REST 1 NS 
OK vs MP 1 NS 
Bgtalign 3 NS 
CC vs CCV 1 NS 
CB vs CC 1 NS 
CB+BC vs CC+CCV 1 0.05 
.t:l..!m 2 0.001 
N/in 1 0.001 
Till x Rgtatign 6 0.05 
NT vs REST x (CC vs CCV) 1 NS 
x (CB vs CC) 1 NS 
x(CB + BCvsCC + CCV) 1 0.002 
OK vs MP x (CC vs CCV) NS 
x (CB vs CC) NS 
x (CB+BC vs CC+CCV) NS 
Rgtatign x NR 6 0.10 
CC vs CCV x (NRL) 1 NS 
CB vs CC x (NRL) 1 NS 
CB+BC vs CC+CCV x (NRL) 1 0.007 
Till x NR 4 NS 
NT vs REST x (NRL) 1 0.01 
OK vs MP x (NRL) 1 NS 
Till x Rotation x NR 12 NS 
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Evaluation of Tillage, Rotation, Nitrogen and Cover Crop Effects 
on Nitrogen Cycling 
K. Anabayan, D.T. Walters and tf.H. Sander 
Objectives: existing soybean stubble following soybean 
harve~t on October 16, 1991 at a rate of 67 
To determine the effect of tillage and rota- kg ha- and uniform stands developed. The 
tion with soybean (G/ycine max) on: yield of rye was estimated in the spring ~ 
199~ by hand harvesting an area of .093m 
i. Grain and stover yield of corn (Zea (1 ft ) at five random locations within each 
mays) under increasing N rates. plot. Residual soil N03-N was determined 
ii. Drymatter yield and N uptake of winter 
rye (Seca/e cerea/e) planted as cover crop 
following soybean and its effect on residual 
soil nitrate and soil cover. 
iii. The interaction between and relative 
contribution of N from different N sources 
(corn, soybean and rye residues, fertilizer N 
and soil N) to the N nutrition of associated 
crops. 
Procedures: 
This experiment was established in 
1988 at the Agricultural Research and De-
velopment Center near Mead, NE as a ran-
domized complete block split-split-plot 
design under irrigation. The treatments 
consist of (i) Two tillage systems, spring disk 
(DK) and no-till (NT) with a cultivation for 
weed control as main plots, (ii) Three rota-
tion systems, continuous corn (CC), com 
following soybean (CB) or soybean follow-
ing com (BC), and corn after soybean-rye 
(CBR) as subplots and (iii) Five nitroger. 
rates (0, 50, 100, 150 and 200 kg N ha- ) 
applied preplant as subsubplots. The soil 
type is a Sharpsburg silty clay loam (fine 
montmorillonitic mesic Typic Argiudoll). 
Corn (Pioneer 3189, 118d RM) and soy-
bean (century 84) were planted in 0.76m 
(30") rowspacingson,fv1ay21 , 1991 atarate 
of 72,000 seeds ha- . Com planting was 
delayed due to heavy spring rains in late 
April and early May which delayed tillage 
operations. Com was cultivated at the V8 
stage and soybean at the V5-V6 stage on 
July 1. Winter rye had been drilled into 
prior to tillage operations by soil sampling 
each tillage/rotation plot where N had peen 
applied at 0, 100 and 200 kg N ha- the 
previous year. Soil was sampled to a depth 
of 1.5m in 30 cm increments. Prior to tillage, 
rye was killed with glyphosate. 
Corn grain and stover were hand har-
vested from a 0.61 m (20') row length at 
physiological maturity on October 9, 1991 
and yields estimated on a hectare basis. 
Soybeans were combine harvested. Both 
grain and stover were subsampled for mois-
ture and total N analysis. Residue cover was 
measured prior to tillage, after planting and 
after cultivation by taking a 100 point line 
intersect count in each plot. 
Results: 
Rye cover crop above ground dry matter 
yield and N content were influenced by both 
tillage and previous N application (Table 1, 
Fig. 1). A significant inverse linear interac-
tion was observed between rye dry matter 
yield, N uptake and previous N rate. This 
relationship was most evident under no-till-
age whe~e rye yield and N uptake at the 200 
kg N ha - rate were reduced to 46 and 65% 
harvested from the 0 N rate, respectively. 
Drymaner yield ranged from a h~gh of 2.2 
Mg ha- to a low of 1.3 Mg ha- on plots 
which received 0 and 200 kg N ha-1 in 1990, 
respectively. 
Grain production was adversely affected 
by an unseasonably cool August and an 
early killing frost on September 19. In pre-
vious years, grain yield of com in rotation 
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with soybeans has surpassed 10 Mg ha-1 
whweasin 1991 yield did not exceed 7.7 Mg 
ha-. Rotation of corn with soybean did 
result in a significant yield advantage and a 
47 and 50% increase in grain and stover 
yield, respectively when averaged over N 
rate (Tables 2 and 3). Both plant population 
and barren stalks were significantly reduced 
in continuous corn. The inclusion of winter 
rye cover has no adverse effect on grain 
yield or N uptake. Corn response to N rate 
was different under disk and no-tillf1ge. Ap-
plication of N beyond 50 kg N ha- did not 
result in further increase in grain yield under 
no-tillage. However, quite surprisingly, no 
appreciable increase in grain yield was ob-
tained to N application under the disk sytem 
(Fig. 2). Emergence and maturity of corn 
under the disk system was delayed espe-
cially in the third replicate where soil is 
eroded. Grain N concentration was signifi-
cantly greater in continuous corn than CB or 
CBR rotations and late planting with an early 
frost may have resulted in a percentage of 
disked continuous corn not reaching full 
physiological maturity. 
Residual soil nitrate (RSN) to a depth of 
1 .5m as affected by treatments and the 
associated analysis of variance are pre-
sented in Table 4 and 5. RSN increased 
with increasing N rate with a significant ac-
cumulation of N0,f3-N below 90 cm depth at 
the 200 kg N ha- . The presence of winter 
rye as a cover crop resulted in a significant 
reduction in RSN especially at the 0-30 and 
30-60 cm depths and roughly equivalent to 
60% of the rye N uptake. Although rye N 
uptake and yield was greater under no-till, 
this was not reflected in RSN values. Con-
tinuous corn flccumulated high RSN at the 
200 kg N ha - but was otherwise compara-
ble to the BRC rotation at lower N rates (Fig. 
3). Overall, the greatest accumulation of 
RSN occurred in the CB rotation but only 
under the disk system (Fig. 4). This was not 
due to the previous years yield or N uptake 
as these were equivalent under both disk 
and no-till for corn following soybean. 
The amount of surface residue cover is 
a good measure of soil erosion protection. 
Prior to tillage operations in the spring of 
1991, residue cover from previous cropping 
practices was high and soil cover was near 
complete (Table 6). The winter rye cover 
crop provided an extra measure of cover 
compared to soybean residue alone and 
was equal to that of corn residue. Although 
stover production was 30 % greater for CB 
than CC in 1990 (7.1 vs 5.4 Mg/ha), little 
difference existed in cover by the spring of 
1991 . Incorporation of residue by tillage 
and/or planting resulted in a significant de-
cline in residue cover especially following 
soybean (Res II, Table 6). Cover following 
soybean/rye was maintained at 63% vs 28% 
for soybean alone in the disk system. After 
cultivation, soybean residue cover had de-
clined to 12 and 27% under disk and no-till-
age, respectively. The reduction in residue 
cover for the same period following soy-
bean/rye residue was to 31 and 76% in disk 
and no-till, respectively. Given the level of 
rye production experienced in 1991, suffi-
cient additional cover was maintained fol-
lowing soybeans to provide adequate soil 
erosion protection until corn canopy clo-
sure regardless of tillage system. 
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Table 1. Main effect and 2-warc interaction means table for winter rye above 
ground dry matter yie d (RDMY), percent Nand N uptake. 
SOURCE RDMP N N in 
yield conc. RDMY 
Tillage 
(kg/ha) (%) (kg/ha) 
Disk 1260 3.25 41 
No till 1980 2.93 56 
N Rate 
0 2160 2.88 60 
50 1660 3.09 50 
100 1590 3.11 49 
150 1420 3.10 43 
200 1280 3.28 42 
Tillage x N Rate 
Disk 0 1400 3.14 43 
50 1180 3.37 39 
100 1460 3.25 47 
150 1080 3.22 35 
200 1190 3.29 39 
No till 0 2920 2.62 76 
50 2140 2.80 60 
100 1730 2.97 50 
150 1760 2.97 51 
200 1360 3.28 45 
Sources df Analysis of Variance 
------------- prob > F --------------
Tillage 1 NS NS NS 
N Rate 2 * * NS 
NUn 1 ** ** * 
NQuad 1 NS NS NS 
Tillage x N Rate 2 NS NS NS 
(Disk vs No till)*NL 1 * * NS 
(Disk vs No till)*NQ 1 NS NS NS 
** * = significance at 0.01 and 0.05 probability level, respectively , 
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Table 2. Main effect and 2-way interaction means for corn grain and stover yield, grain and stover N content, 
grain and stover N uptake, plant population and barren stalks. Mead, NE 1991. 
Grain· Stover Grain Stover Grain N Stover N Plant Barren 
Source Yield Yield N N uptake uptake Populo stalks 
Mg/ha(bu/a) Mg/ha % % kg/ha kg/ha 1000/ha % 
Tillage 
Disk 5.91(111) 4.44 1.41 0.71 82 31 65.8 13.6 
No till 6.22(117) 5.41 1.37 0.66 89 36 69.4 15.3 
Rotation 
CB 6079r28l 5.31 1.36 0.69 92 37 69.8 9.4 CBR 6.74 127 5.77 1.37 0.65 93 37 70.2 12.8 
CC 4.6087) 3.70 1.44 0.71 72 26 62.7 22.0 
N Rate 
0 5.14(97) 4.30 1.29 0.53 67 23 64.2 18.1 
50 6.55(123) 5.08 1.35 0.61 88 31 69.3 12.3 
100 5.98~113) 4.83 1.42 0.74 92 35 70.0 14.7 
..... 150 6.36 120) 5.44 1.47 0.75 93 39 68.3 15.1 w 
en 200 6.27(118) 4.97 1.42 0.81 88 40 66.1 12.3 
Tillage x N Rate 
Disk 0 5.85(110~ 4.03 1.32 0.56 77 22 62.3 12.7 
50 6.44r 21 4.92 1.37 0.63 88 31 69.0 8.3 100 5.31 100) 4.44 1.47 0.75 78 33 65.2 15.1 
150 6.03 114) 4.34 1.46 0.77 85 32 67.8 16.3 
200 5.93(112) 4.48 1.42 0.84 83 38 64.5 15.6 
No till 0 4.44~84) 4.57 1.25 0.49 57 23 66.2 23.2 
50 6.66 126) 5.25 1.32 0.58 88 31 69.6 16.2 
100 6.72(127) 5.21 1.36 0.72 106 37 74.8 14.4 
150 6.70~126) 6.55 1.49 0.73 100 47 68.3 13.3 
200 6.61 125) 5.46 1.41 0.77 93 42 67.9 9.2 
Table 2. (Continued) 
Grain· Stover Grain Stover Grain N Stover N Plant Barren 
Source Yield Yield N N uptake uptake Populo stalks 
Mg/ha(bu/a) Mg/ha % % kg/ha kg/ha 1000/ha % 
Tillage x Rotation 
Disk CB 7.03(133) 5.05 1.34 0.67 94 34 67.6 6.6 
CBR 6.47(122) 6.59 1.38 0.69 89 34 67.7 9.5 
CC 4.24(80) 3.33 1.44 0.77 63 25 62.0 25.6 
No till CB 6.55(123) 5.57 1.37 0.71 90 40 72.0 12.0 
CBR 7.02(132) 6.59 1.36 0.61 96 41 72.8 15.8 
I-' CC 4.99(94) 4.07 1.37 0.66 80 27 63.4 18.6 w 
\0 Rotation x N Rate 
CB 0 6.16(116) 5.02 1.27 0.53 79 27 65.4 9.9 
50 7.17(135~ 5.35 1.32 0.63 95 34 70.2 6.2 
100 6.59(124 5.23 1.40 0.80 92 41 72.3 13.4 
150 7.30(138~ 5.93 1.43 0.71 104 43 70.2 7.2 
200 6.75(127 5.02 1.35 0.79 91 39 71.2 10.2 
CBR 0 5.86(110) 4.78 1.32 0.52 79 27 67.3 17.1 
50 7.71 (145) 5.76 1.34 0.59 104 34 73.4 11.8 
100 6.30(119) 5.54 1.38 0.65 86 41 69.8 11.3 
150 6.73(127) 6.82 1.45 0.66 97 43 73.4 14.2 
200 7.11 (134) 5.93 1.37 0.84 97 39 67.6 9.6 
CC 0 3.42(64) 3.10 1.26 0.53 44 17 60.1 28.1 
50 4.78(90) 4.14 1.38 0.60 66 25 64.4 19.6 
100 4.84(91 ) 3.70 1.47 0.76 97 28 68.0 19.6 
150 5.06(95) 3.58 1.54 0.87 76 30 61.5 25.0 
200 4.96(94) 3.97 1.54 0.79 76 31 59.7 18.1 
*Grain yield as Mg/ha is for dry matter yield, bu/a adjusted to 15.5% moisture. 
Table 3. Analysis of variance table for variables listed in Table 2, 1991 Mead, NE. 
Sources df Grain Grain Grain N Stover Stover Stover N Popul. Barren 
Yield N Uptake Yield N Uptake stalks 
-------------------------------------------------- f>rob :> f= ----------------------------------------------------
Tillage 1 NS NS NS NS NS NS NS NS 
Rotation 2 *** ** NS *** ** NS ** *** 
CBVSCBR 1 NS NS NS NS NS NS NS NS 
(CB+CBR) VS CC 1 *** *** NS *** ** NS *** *** 
N Rate 4 * * *** * *** *** NS NS 
NL 1 * * *** ' * *** *** NS NS 
NQ 1 NS * ** * * NS * NS 
Tillage x Rotation 2 * NS NS NS NS NS NS NS 
(Disk vs No till)* 1 * NS NS NS NS NS NS NS 
(CB vs CBR) 
(Disk vs No till)* 1 NS NS NS NS NS NS NS NS 
(CB+CBR vs CC) 
Tillage x N Rate 4 * NS NS * * NS NS NS ~ 
01:>0 Disk vs No till * NL 1 * NS NS * * NS NS * 0 
Disk vs No till * NQ 1 * * NS NS NS NS NS NS 
Rotation x N Rate 8 NS NS NS NS NS NS NS NS 
CBvs CBR * NL 1 NS NS NS NS * NS NS NS 
CBvs CBR * NQ 1 NS NS NS NS NS * NS NS 
CB+CBR vs CC * NL 1 NS NS ** NS NS NS NS NS 
CB+CBR vs CC * NQ 1 NS NS NS NS NS NS NS NS 
Tillage X Rotation 8 NS NS NS NS NS NS NS NS 
X N Rate 
NL = N rate linear, NQ = N rate quadratic 
CB = Corn after Soybean CBR = Corn after Soybean-Rye CC = Continuous Corn. 
***, **, * = Significance at 0.001,0.01 and 0.05 probability levels, respectively. 
Nitro en C clin 
Table 4. Main effect and 2-way interaction mean table for residual soil N03-N. 
Spring, 1991. 
-------------------------------------profil e depth (m )---------------------------------------
0-30 30-60 60-90 90-120 120-150 Total 
Tillage 
--------------------------------------N<l3 -N(kg/ha)-----------------------------------------
Disk 17 26 27 15 13 99 
No till 16 20 16 14 11 79 
Rotation· 
BRC 11 14 14 10 12 60 
BC 22 26 19 12 12 90 
CB 19 35 40 24 15 134 
CC 14 18 14 13 12 71 
N Rate 
0 17 15 10 7 7 56 
100 16 24 19 9 9 78 
200 16 30 37 29 22 133 
Till x Rot 
Disk BRC 10 15 17 8 10 61 
BC 22 21 18 10 13 84 
CB 23 50 57 26 17 173 
CC 14 17 18 16 13 77 
Notill BRC 11 13 12 12 12 60 
BC 22 30 19 13 12 96 
CB 15 20 23 23 13 94 
CC 15 18 11 10 11 65 
Till x N Rate 
Disk 0 17 15 10 6 7 55 
100 18 28 25 10 9 91 
200 16 35 46 29 24 150 
No till 0 17 15 9 8 6 55 
100 15 20 12 8 9 64 
200 15 25 28 28 19 116 
Rot x N Rate 
BRC 0 13 8 8 7 9 45 
100 10 19 10 7 7 53 
200 9 15 26 17 18 84 
BC 0 22 24 15 9 6 75 
100 21 27 20 8 10 84 
200 22 26 21 19 21 110 
CB 0 18 14 9 5 7 53 
100 23 37 37 14 11 121 
CC 0 16 14 8 6 5 49 
100 12 15 9 8 8 52 
200 15 25 26 24 22 111 
* First letter indicates 1990 crop. 
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Table 5. Analysis of variance table for the soil residual N03-N Mead, NE 1991. 
Source df 0-0.3 0.3-0.6 0.6-0.9 0.9-1.2 1.2-1.5 Total 
------------------------------------- flrob ~ f= ------------------------------------
Tillage 1 NS NS NS NS NS NS 
Rotation* 3 * *** ** *** NS ** 
BCvs BRC 1 *** * NS NS NS NS 
BRC+BCvsCB 1 NS *** ** *** NS ** 
BRC+BCvs CC 1 NS NS NS NS NS NS 
N Rate 2 NS ** *** *** NS *** 
NL 1 NS *** *** *** *** *** 
NQ 1 NS NS NS *** ** ** 
Tillage x Rotation 3 NS ** NS NS NS NS 
(OK vs NT)* 1 NS NS NS NS NS NS 
(BCvs BRC) 
(OKvs N1f 1 NS *** * NS NS * (BRC+B vs CB) 
(OK vs N"2* 1 NS NS NS NS NS NS (BRC+B vs CC) 
Tillage x N Rate 2 NS NS NS NS NS NS 
(OK vs NT)*NL 1 NS NS * NS NS NS 
(OK vs NT)*NQ 1 NS NS NS NS NS NS 
Rotation x N Rate 6 NS * *** *** NS *** 
(BC vs BRC)*NL 1 NS NS NS NS NS NS 
(BC vs BRC)*NQ 1 NS NS NS NS NS NS 
(BC+BRCvsCB)*NL 1 NS *** *** *** NS *** 
(BC+BRCvsCB)*NQ 1 NS NS NS NS NS NS 
(BC+BRCvsCC)*NL 1 NS NS NS NS NS NS 
(BC+BRCvsCC)*NQ 1 NS NS NS NS NS NS 
* f=irst letter indicates 1990 crop. 
BRC = Soybean - rye after corn. 
BC = Soybean after corn. 
CB = Corn after soybean. 
CC = Continuous corn. 
***, **, * = Significance at 0.001,0.01,0.05 probability level, respectively. 
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Table 6. Main effects and 2-way interaction means for residue cover, Mead, 1991. 
Sources Res la Res II Res III _____________________ o~ ____________________ 
Tillage 
Disk 93 48 29 
No till 90 75 59 
Rotationb 
BC 80 34 20 
BRC 98 81 53 
CB 96 66 52 
CC 92 67 52 
Tillage x Rotation 
Disk BC 81 28 12 
BRC 98 63 31 
CB 96 51 38 
CC 96 52 36 
Notill BC 78 41 27 
BRC 98 98 76 
CB 96 80 66 
CC 87 82 68 
Sources df Analysis of Variance 
Tillage ------------------- ~rot> :> f= -------------------1 NS ** ** 
Rotation 3 *** *** *** 
BC vs BRC 1 *** *** *** 
BRCvsCB+CC 1 NS *** NS 
CBvsCC 1 NS NS NS 
Tillage x Rotation 3 NS *** *** 
(OK vs NT)*(BC vs BRC) 1 NS *** *** 
(OK vs NT)* (BRC vs CB+CC) 1 NS NS ** 
(OK vs NT)*(CB vs CC) 1 NS NS NS 
a. Res I = Residue cover (Pre-tillage), 2 May 1991. 
Res II = Residue cover (Post-~Iant), 24 May 1991 . 
Res III = Residue cover (Post-cultivation), 10 July 1991. 
t>. f=irst letter indicates 1990 cro~. 
***, **, * indicate ~rot>at>i1ity levels of 0.001,0.01 and 0.05, res~ectively. 
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Figure 1. Tillage and previous N rate effects on winter rye dry matter yield. 
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Figure 2. Tillage x N rate interaction for corn grain yield, Mead, 1991. 
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Figure 3. Rotation x N rate interaction for residual soil nitrate in the 
spring of 1991. 
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Figure 4. Tillage x rotation interaction (CB vs BRC+ BC comparison) for 
residual soil nitrate in the spring of 1991. 
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